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EXPLORING    SPACE    WITH    A    CAMERA 


Nearly  one  hill  hemisphere  ot  the  Earth  is  revealed 
in  this  picture,  showing  South  America,  much  of 
North  America,  and  ]3arts  ot  Africa,  Europe,  ami 
Greenland.  It  was  taken  on  November  18,  1967,  by 
ATS-III,  which  was  stationed  over  the  Ec|iiator  at 
approximately  47°  W.  "This  picture,"  explains 
Leonard  Jaffk,  Director,  Space  Applications  Pro- 
grams, NASA,  "is  actually  made  up  of  2400  horizontal 
lines,  with  each  line  encompassing  a  swath  of  Earth 


approximately  2  nautical  miles  wide  and  extending 
from  hori/on  to  horizon.  Using  very  carefid  scrutiniz- 
ing techniques,  features  as  small  as  2  nautical  miles 
on  a  side  can  be  seen.  As  evidenced  here,  color  makes 
it  easier  to  distinguish  between  clouds,  dry  land,  green 
vegetation,  and  bodies  of  water.  A  particidar  example 
is  the  clarity  witli  which  Lake  Titicaca  (a  tiny  dark 
sjjot)  can  be  obser\ed  at  the  bend  in  the  west  coast 
of  South  America." 
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veloped  the  ability  to  propel  his  cameras  and  instruments,  and  then  himself, 
beyond  the  Earth's  atmosphere.  With  this  publication,  they  become  a 
part  of  NASA's  flow  of  reports  to  the  American  public  on  some  of  the  grow- 
ing returns  from  its  investment  in  the  exploration  of  space.  As  such,  I  hope 
this  book  can  find  its  way  into  many  American  homes,  for  it  is  a  part  of  a 
record  of  achievement  of  which  our  country  can  be  proud. 

Photographs  from  space  tell  only  part  of  man's  reach  through  the  air  and 
on  into  space.  Cameras  cannot  show  the  data  gathered  by  many  kinds  of 
scientific  sensors.  They  also  fail  to  reflect— except  inferentially— the  im- 
mense impact  that  our  air  and  space  efforts  have  had  on  broad  areas  of  life 
on  Earth.  And  yet,  through  joining  our  efforts  in  aeronautics  and  space, 
we  have  made  great  strides  in  the  advance  of  many  technological  areas. 
In  1958  we  could  scarcely  put  100  pounds  into  Earth  orbit;  now  the  Saturn 
V  can  orbit  140  tons.  At  the  beginning  of  the  decade  our  lunar  probes 
were  failing;  now  we  have  reconnoitered  the  Moon  with  automated  space- 
craft and  man  is  almost  ready  to  follow.  Ten  years  ago  the  utility  of  space 
was  a  gleam  in  the  eyes  of  enthusiasts;  now  we  have  global  weather  analysis, 
communications  satellites  that  link  continents  together,  and  geodetic  and 
navigational  satellites  at  the  service  of  the  whole  world. 

To  do  all  this,  public  officials,  legislators,  scientists,  engineers,  technicians, 
and  managers  have  had  to  tackle  and  solve  new,  complex,  and  demanding 
problems.  Our  nation's  reach  into  the  space  environment  is  the  most 
complex  of  the  large  non-military  imdertakings  that  man  has  yet  attempted. 
Our  country's  policy  is  to  do  it  for  peaceful  purposes  for  the  benefit  of  all 
mankind.  As  this  pictorial  report  portrays,  all  mankind  has  new  material 
to  use  in  moving  rapidly  to  develop  new  concepts  of  the  reality  of  the 
Earth,  of  the  solar  system,  and  of  the  dynamics  and  phenomena  which  con- 
trol so  much  of  our  lives  here  on  Earth.  These  remarkable  photographs 
cannot  reflect  all,  but  they  certainly  show  much  of  the  results  we  have 
achieved. 

James  E.  Webb,  Administrator 

National  Aeronautics  and  Space  Administration 
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INTRODUCTION 


This  is  a  collection  of 
the  best  photographs  taken  from  space  during  the 
first  decade  of  space  exploration.  The  reader  may 
miss  the  familiar  pictures  of  launch  pads,  rockets, 
and  tracking  antennas.  Here  he  will  find  instead 
views  seen  through  the  eyes  of  cameras  in  the  eerie 
solitude  of  space— orbiting  hundreds  or  thousands 
of  miles  above  the  Earth's  surface,  swooping  low 
over  heretofore  unseen  mountains  and  craters  of 
the  Moon,  resting  gently  on  the  lunar  plains,  and 
gliding  silently  past  the  red  planet  Mars.  Some- 
times the  cameras  were  pointed  by  men.  Some- 
times they  were  pointed  by  machines  with 
computer  brains,  gyroscopic  senses,  star-seeking 
eyes,  and  servomechanism  muscles  powered  by 
solar  energy.  The  men  brought  their  films  back 
with  them.  The  machines  radioed  their  pictures 
back  to  an  Earth  to  which  they  would  never  re- 
turn. In  both  cases,  they  recorded  views  never 
before  seen  by  men. 

These  historic  pictures  depict,  far  better  than 
words,  man's  determined  assault  on  the  secrets  of 
space.  Some  of  the  early  pictures  seem  almost 
amateurish,  taken  by  untried  and  relatively  primi- 
tive equipment.  But  at  the  time  they  seemed 
wondrously  exciting,  and  men  of  the  space  pro- 
gram would  cluster  about  a  freshly  received  pic- 
ture and  say  to  each  other  almost  incredulously, 
"Look!  There's  England  and  it's  just  like  the 
maps!" 

As  the  years  counted  down,  one  problem  after 
another  was  encoimtered  and  solved,  and  one 
objective  after  another  achieved.  "The  difficult 
we  do  immediately,  the  impossible  takes  a  little 
longer"  seemed  to  fit  the  space  program.  Read- 
ing about  a  new  success  began  to  seem  routine  to 


some.     But  new  pictures  of  new  sights  still  drew 
excited  clusters  of  men  and  the  exclamations: 
"Look!     There's  the  whole  Earth!" 
"Look!     The  back  of  the  Moon  doesn't  have 
flat  plains  like  the  front!" 

"Look!     The  Moon's  surface  looks  like  a  World 
War  I  battlefield!  " 

"Gemini  VI  and  VII  are  almost  touching!" 
"Moon  dirt  looks  just  like  my  garden  dirt,  and 
the  rocks  just  like  those  on  Earth!" 

"Look!  Mars  looks  like  the  Moon!" 
Perhaps  the  reader  can  imagine  some  of  the 
excitement  these  pictures  generated  when  they 
were  first  seen  by  those  of  us  in  the  space  program. 
It  wasn't  all  a  series  of  exultant  "Looks!"  Dis- 
heartening failures  had  preceded  the  Ranger  VI 
mission,  but  after  a  fine  launch,  smooth  midcourse 
correction,  and  precise  2i/^-day  voyage,  all  prob- 
lems seemed  to  have  been  solved.  Then  in  the 
last  minutes  before  lunar  impact,  the  cameras 
failed  to  turn  on.  Nor  will  we  easily  forget  the 
thruster  malfunction  on  Gemini  VIII  that  almost 
brought  tragedy.  But  perseverance  prevailed  and 
more  than  90  percent  of  space  missions  attempted 
in  1967  were  successful.  Browning  once  wrote, 
"Ah,  but  a  man's  reach  should  exceed  his  grasp,  or 
what's  a  heaven  for." 

This  book  is  based  on  a  lecture  that  I  gave  on 
November  16,  1966,  at  the  annual  banquet  of  the 
Washington  Society  of  Engineers.  The  lecture 
was  subsequently  repeated  many  times,  usually 
drawing  advice  to  write  a  book  based  on  the  pic- 
tures. Instead  of  writing  it  myself,  I  decided  to 
ask  my  friends  and  associates  in  the  space  program 
to  help  produce  this  book  by  preparing  captions 
for  pictures  having  special  meaning  for  them.     In 


IX 


some  cases,  the  captioneers  played  a  major  role 
in  the  program  that  produced  the  pictures.  In 
other  cases,  they  are  experts  on  the  pictures'  con- 
tents. They  include  scientists,  engineers,  and  ad- 
ministrators. They  responded  enthusiastically, 
and  I  regret  that  some  captions  had  to  be  dropped 
and  others  compressed  in  final  picture  editing.  I 
hope  all  of  the  contributors  enjoy  Exploring  Space 
With  a  Camera. 

In  this  book  I  have  used  primarily  photographs 
from  the  space  program  of  the  United  States,  in 
part  because  they  were  most  familiar  and  avail- 
able to  me.  Some  Soviet  photographs  have  been 
included,  however,  to  highlight  some  of  the  many 
accomplishments  of  their  space  program. 

Many  aspects  of  space  exploration  cannot  be  de- 
picted by  a  camera.  A  hint  of  this  can  be  seen  on 
page  181,  which  shows  a  spectrograph  of  the  star 
Canopus.  Scientific  studies  of  the  upper  atmos- 
phere, the  ionosphere,  and  the  particles  and  fields 
in  the  great  radiation  belts  of  the  magnetosphere 
are  made  primarily  with  instruments  other  than 
the  camera.  Nevertheless,  this  photographic  essay 
depicts  the  imagination  and  courage  of  space  ex- 
ploration in  a  way  that  should  hold  deep  meaning 
for  participant  and  spectator  alike. 

It   is  also  an  exciting  portent   for   the   future. 


when  space  flight  will  play  a  role  of  ever-increasing 
importance  both  for  science  and  for  the  practical 
benefit  of  man.  Our  unearthly  spacecraft  will 
help  us  solve  a  host  of  earthly  problems.  They 
are  already  indispensable  to  global  communica- 
tions and  will  play  a  major  role  in  breaking  the 
communications  barriers  of  the  world.  Dramatic 
improvements  in  all-weather  navigation  and  in  the 
traffic  control  of  ships  and  aircraft  are  emerging. 
Satellite  collection  of  meteorological  data  will 
make  possible  long-range  forecasting  of  global 
weather.  And  with  the  aid  of  satellites,  man  will 
come  to  monitor  and  manage  many  of  the  natural 
resources  of  the  Earth. 

Soon  now,  man  will  tread  the  barren  wastes  of 
the  Moon.  One  day,  after  suitable  reconnais- 
sance. Mars  will  yield  its  secrets  in  like  manner. 
Space  stations  will  perpetually  circle  the  Earth 
in  the  conduct  of  both  scientific  observations  and 
technological  investigations.  And  precursor  space- 
craft will  probe  the  oiuer  regions  of  the  solar 
system,  and  peer  tentatively  toward  the  starry, 
endless  universe  beyond. 

Edgar  M.  Cortright 

Director,  Langley  Research  Center 

National  Aeronautics  and  Space  Administration 


SECTION   ONE 


ABOVE 


THE   ATMOSPHERE 


A  satellite  22  300  miles  above  the  Earth  at  95° 
W  longitude  photographed  the  storms  both  north 
and  south  of  the  equator  January  21,  1968.  "The 
color  camera  worked  well,  "  Joseph  R.  Burke, 
Applications  Technology  Satellite  Program  Man- 
ager, reported,  "although  it  had  been  turned  off 


for  about  a  month  to  let  unexpected  gas  accumu- 
lation leak  out.  The  ground  equipment  still  was 
being  tuned  to  give  a  better  color  balance.  Both 
coasts  of  both  North  and  South  America  are  visi- 
ble, and  you  can  glimpse  the  Great  Lakes  through 
the  clouds  over  Canada." 


ABOVE   THE   ATMOSPHERE 


N  EVER  HAS  THE  STATEMENT 

"It's  a  small  world"  seemed  as  true  as  since  the 
advent  of  the  artificial  satellite.  Less  than  a 
century  ago  circumnavigation  of  the  Earth  was 
measured  in  years.  The  steamship  shrunk  this 
time  to  months  and  then  weeks.  The  aircraft  re- 
duced the  time  for  such  a  journey  to  days. 

The  satellite  has  revolutionized  all  this.  At  low 
altitudes  a  satellite  circles  the  globe  in  about  90 
minutes,  and  by  sequential  passes  makes  possible 
detailed  observations  of  the  entire  Earth  and  its 
atmosphere  twice  a  day.  From  very  high  altitudes, 
such  as  the  22  300-mile  geostationary  orbit,  a 
satellite  can  remain  ever  watchful  of  the  scene 
below  and  in  uninterrupted  communication  with 
nearly  half  the  Earth.  Thus  man's  ability  to  ob- 
serve his  dynamic  environment  has  for  the  first 
time  begun  to  equal  his  needs. 

Meteorology  has  been  one  of  the  first  benefici- 
aries of  space  flight.  The  Earth's  atmosphere  may 
be  likened  to  a  gigantic  heat  pump,  driven  by  the 
energy  from  the  Sun  and  the  coriolis  forces  of  the 
rotating  Earth,  and  throttled  by  its  own  gigantic 
energy  exchanges  of  evaporation  and  condensation. 
Weather  everywhere  is  coupled  to  weather  every- 
where else,  if  not  today— then  tomorrow,  or  next 
week,  or  next  montn. 

This  dynamic  global  character  of  meteorology 
demands  frequent  if  not  continuous  coverage  on 
a  global  basis  if  man  is  to  fully  understand  his 
atmospheric  environment,  predict  it  well  in  ad- 
vance, and  someday  even  influence  it.  Before  the 
satellite  most  of  the  Earth's  weather  went  unob- 
served since  most  of  the  Earth's  surface  is  unin- 
habited. Today  that  has  changed— thanks  to  the 
meteorological  satellite. 

The  photos  on  the  next  two  pages  were  taken 
before  a  camera  could  be  kept  in  orbit.  Such 
demonstrations  of  its  usefulness  in  space  prompted 
the  suggestion  that  the  difficulties  of  recovering 
films  be  obviated  by  placing  television  cameras  on 


satellites.  This  was  done  with  Tiros  I  in  1960, 
and  transmissions  from  the  Tiros  satellites  ha\e 
been  a  mainstay  for  8  years  now  in  meteorological 
research.  During  the  early  excitement,  Tiros  was 
mentioned  in  the  title  of  nearly  every  scientific 
paper  in  which  information  from  it  was  used. 
Now  the  availability  of  such  data  is  assumed. 

Operational  meteorologists,  meanwhile,  have  ex- 
pressed ever  more  strongly  their  desire  for  quan- 
titative measurements  such  as  the  early  researchers 
needed.  The  use  of  radiometers  to  take  measure- 
ments in  both  visible  and  infrared  regions  has 
become  routine. 

To  receive  the  first  satellite  telemetry  carrying 
cloud  picture  data,  multimillion-dollar  command 
and  data  acquisition  stations  were  needed.  Send- 
ing it  on  to  local  forecasters  via  landlines  or  radio 
often  delayed  and  degraded  the  quality  of  the 
pictures.  Placing  an  Automatic  Picture  Trans- 
mission System  on  satellites  has  removed  this  difli- 
culty.  With  relatively  inexpensive  receiving 
equipment,  any  station  within  the  line  of  sight 
from  a  satellite  that  is  automatically  transmitting 
pictures  now  can  receive  a  picture  directly  within 
3  miniues  of  the  time  it  was  taken. 

Addition  of  color  channels  to  a  camera  of  the 
Applications  Technology  Satellite  (ATS)  type 
has  made  it  possible  to  obtain  views  such  as  the 
one  on  the  opposite  page  and  the  frontispiece  of 
this  book.  With  ATS-HI,  color  pictures  can  be 
taken  every  24  miniues.  When  taken  throughout 
a  day,  researchers  can  study  both  cloud  motions 
o\er  the  entire  disk  and  color  changes  in  the  day- 
to-night  terminator  as  it  moves  across  the  Earth. 
These  color  changes  are  expected  to  be  helpful  in 
determining  heights  of  clouds  and  possil)ly  other 
matters  of  interest  to  meteorologists.  The  time- 
motion  study  of  weather  dynamics  made  possible 
by  such  synchronous  satellites  as  ATS-IH  may 
add  a  new  dimension  to  our  understanding  of 
atmospheric  processes. 


Prelude  to  Progress 


Cameras  carried  on  sounding  rockets  and  missiles 
first  demonstrated  the  value  of  high-altitude  photog- 
raphy in  meteorology.  These  pictures  were  recovered 
from  film  packs  carried  aloft.  They  stimulated  the 
development  and  employment  of  equipment  to  tele- 
vise views  obtainable  from  satellites  to  stations  on 
Earth.  The  photo  below  was  taken  from  a  develop- 
ment flight  of  a  missile  high  over  the  Atlantic  Ocean 
on  August  24,  1959. 

Gen.  Donald  N.  Yates,  who  commanded  the  Air 
Force  Missile  Test  Center  in  the  1950's,  recalls  that: 
"A  16-mm  motion  picture  camera  was  placed  on  the 
stabilization  system  during  an  Atlas  flight.  This 
photograph  was  taken  early  in  the  flight,  showing  the 
booster  separating  from  the  nose  cone,  with  the 
Earth's  horizon  reflected  from   its   polished  surface." 

From    less    comprehensive    pictures    than    the    one 
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on  this  page,  mosaics  such  as  those  on  the  next  page 
were  put  together.  The  upper  one  consists  of  pho- 
tos taken  in  1954  by  an  Aerobee  sounding  rocket  that 
was  launched  from  White  Sands,  N.  Mex. 

Lester  F.  Hubert,  of  the  National  Environmental 
Satellite  Center,  remeinbers  it  well:  "The  spiral  cloud 
pattern  in  the  upper  left  center  was  produced  by  a 
tropical  disturbance  that  had  moved  over  Texas  from 
the  Gidf  of  Mexico.  Decreasing  in  intensity,  it  did 
not  disturb  the  surface  winds,  but  maintained  a  tight 
cyclonic  circulation  in  the  upper  atmosphere.  At  a 
glance,  this  picture  documented  a  flood-producing 
circulation  that  was  undetected  by  routine  means 
after  moving  over  Texas. 

"Photography  from  rockets  stimulated  the  meteor- 
ological satellite  program,  but  no  previous  picture 
had  been  as  dramatic  as  this,  nor  as  convincing  that 
satellite  surveillance  of  hurricanes  was  feasible.  Here 
was  the  first  demonstration  that  storms  could  be  de- 
tected by  ultra-high-level  photogiaphs  (since  borne 
out  by  thousands  of  satellite  pictures)  . 

"This  mosaic  was  constructed  by  Otto  Berg,  who 
was  in  charge  of  the  Naval  Research  Laboratory's 
rocket   photography." 

The  lower  picture  on  the  next  page  was  a  further 
deinonstration  of  the  potentialities  of  space  technol- 
ogy. Gen.  Bernard  A.  Schriever,  USAF  (Ret.),  ex- 
plains how  it  was  obtained: 

"Taken  from  an  altitude  of  700  miles,  this  pano- 
ramic photograph  was  an  early  spectacular  achieve- 
ment of  our  space  effort.  It  shows  an  Earth  segment 
from  North  America  through  the  Caribbean  to  the 
coast  of  Africa,  including  massive  storm  fronts  over 
the  Atlantic  Ocean  and  the  Tropics. 

"The  panorama  was  constructed  from  motion  pic- 
tures taken  by  a  16-mm  camera  carried  on  the  Mark 
2  reentry  vehicle  of  our  Atlas  IIC  R&D  flight  of 
August  24,  1959.  This  flight  was  one  of  a  series  in 
which  we  experimentally  stabilized  the  reentry  ve- 
hicle with  an  infrared  horizontal  stabilization  system. 
The  camera  was  in  the  capsule  that  was  ejected  from 
the  reentry  vehicle  and  recovered." 


The  Clouds 
Draw  a  Map 


The  first  Tiros  (Television  Infrared  Observational 
Satellite)  began  observations  on  April  1,  1960,  that 
have  figured  prominently  in  meteorological  progress 
ever  since.  It  transmitted  22  592  pictures  to  Earth 
during  its  1302  revolutions.  The  mosaic  at  the  right 
illustrates  the  way  many  of  those  pictures  were  as- 
sembled and  used. 

"From  the  very  first,"  says  Morris  Tepper,  Deputy 
Director,  Space  Applications  Program,  NASA,  "pic- 
tures taken  by  the  Tiros  satellites  showed  that  the 
Earth's  cloud  cover  was  highly  organized  on  a  global 
scale.  Coherent  cloud  systems  were  found  to  extend 
over  thousands  of  miles  and  were  related  to  other 
systems  of  similar  dimensions.  Moreover,  it  was  soon 
readily  apparent  that  these  cloud  patterns  were  in 
fact  'signatures'   of  weather  systems. 

"The  upper  portion  of  the  figure  is  a  mosaic  of 
overlapping  video  pictures  taken  by  Tiros  I  on  May 
19  and  20,  1960.  Below  it  is  the  associated  weather 
map  showing  three  active  storm  systems:  from  left 
to  right,  a  very  intense  one  in  the  North  Pacific,  one 
orf  the  west  coast  of  the  United  States,  and  one  in 
the  Midwest.  The  cloud  structure  as  seen  by  Tiros 
has  been  superimposed  on  the  weather  map.  It  is 
remarkable  how  closely  the  cloud  systems  delineate 
the  weather  systems.  It  is  as  if  Nature  were  actu- 
ally drawing  her  own  weather  map  directly  onto  the 
Earth." 

Many  more  such  mosaics  were  produced  as  the 
Tiros  flights  continued.  The  most  significant  mile- 
stone passed  in  these  flights,  says  Robert  M.  Rados, 
NAS.\'s  Tiros  Project  Manager,  was  "to  demonstrate 
the  feasibility  of  an  operational  meteorological  satellite 
system  and  its  application  to  regular  worldwide 
weather  analysis  and  forecasts,  aimed  toward  increas- 
ing man's  ability  to  understand  and  cope  with  his 
physical  environment." 


TIROS   I 


TIROS    I 


A  Satellite  Discovers  a  Hurricane 
,  .  .  and  Begins  to  Save  Lives 


"Sometimes,"  William  Shakespeare  noted,  "we  see 
a  cloiid  that's  dragonish  "— but  not  always  soon 
enough  from  Earth's  smface.  Hurricanes  emerge 
from  large  bodies  of  warm,  moist  air  near  the  equa- 
tor, vary  their  courses,  and  differ  in  ferocity.  Tiros 
III  photographed  196rs  first  five  hurricanes  from  an 
altitude  of  more  than  400  miles— and  that's  how 
Esther,  the  big  one  on  the  next  page,  was  discovered. 

S,  Fred  Singer,  Deputy  Assistant  Secretary  for  Scien- 
tific Programs.  Department  of  the  Interior,  ])rovided 
this  account  of  the  hurricanes  pictured  below  and  the 
dragonish  sight  on  the  facing  page: 

"Esther  was  the  first  hurricane  to  be  discovered 
by  a  satellite,  but  Tiros  III  also  took  valuable  pic- 
tures of  Anna,  Betsy,  Carla.  and  Debbie  in  1961.  In 
all  cases,  the  Tiros  pictures  provided  important  su]5- 
plements  to  reconnaissance  aircraft  observations  and 
to  data  obtained  by  ground-based  observations,  by 
fixing  the  position  of  the  hurricane  center  and  show- 
ing the  extent  of  the  spiral  cloud  bands. 

"The  photographs  here  were  selected  to  show  all 
of  the  hurricanes  at  the  stage  of  their  maximimi  de- 
velopment; their  organization  in  spiral  patterns  can 
be  seen  very  clearly.     It  has  now  become  possible  to 


tleduce  the  strength  of  the  hurricane  winds  from  the 
degree   of  organization   seen   in   satellite   ])ictures. 

"Hinricane  Anna  went  into  the  southern  Carib- 
bean  and   hit  Central  America. 

"Betsy,  on  the  other  hand,  never  was  a  threat  to 
land  areas  and  ajjparently  caused  no  damage  to  ship- 
ping. 

"While  Betsy  was  developing  in  the  Atlantic,  how- 
ever. Carla— a  giant  hurricane— was  discovered  some 
300  miles  north  of  Panama.  It  eventually  turned 
oiu  to  be  one  of  the  most  destructive  hurricanes  in 
recent  history,  caitsing  46  fatalities  in  the  gulf  coast 
region  and  over  $300  million  property  damage  in 
Texas  and  Louisiana.  More  than  300  000  people 
were   evacuated   from   the  gidf  coast. 

"Debbie  never  hit  North  America,  biu  curved  back 
and  caused  deaths  and  heavy  damage  on  the  western 
coasts  of  Ireland  and  Scotland. 

"Esther  will  he  assured  a  place  in  meteorological 
history.  She  was  the  first  hurricane  to  be  discov- 
ered by  satellite,  moved  in  a  complex  loop  off  the 
east  coast  of  the  United  States,  threatening  New 
England,  and  was  the  guinea  pig  for  a  seeding  ex- 
periment with  silver  iodide." 
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April  3,  1962 


April  5,  1962 


Ice  Is  Tracked  .  . 


and  a  Cold  Line  Opens 


Four  photos  at  the  tops  of  these  pages  showed  satel- 
lites can  alert  seamen  to  ice  as  well  as  to  storms. 
J.  R.  H.  Noble,  Director,  Meteorological  Branch,  De- 
partment of  Transport,  Canada,  pointed  out  the  sig- 
nificance of  these  photographs: 

"Cameras  of  Tiros  IV  focus  on  the  Gulf  of  St. 
Lawrence.  The  river  estuary  and  northern  portion 
of  the  gulf  contrast  sharply  with  the  dull  gray  of 
land.  The  ice  retreating  southward  shows  brilliantly 
white,  and  clouds  are  reproduced  in  a  variety  of 
shades.  In  the  first  picture  the  icepack  surroimds 
Prince  Edward  Island,  stretching  toward  the  Magda- 
lens  with  ice  tongues  from  Chaleur  Bay  and  south- 
ward from  the  Strait  of  Belle  Isle.  Following  the 
sequence  through  April  12,  the  main  pack  is  grad- 
ually driven  southeastward.  On  the  last  day,  ice 
areas  appreciably  decrease  with  the  drift  past  Cape 
Breton  Island.  An  interesting  feature  is  the  amount 
of  ice  held  back  by  Cape  Breton  and  Magdalen  Is- 
lands. Information  from  visual  sorties  for  ice  recon- 
naissance along  the  ice  edges  confirmed  to  a  remark- 
able degree  the  results  from  the  satellite;  thus  space 
technology  now  assists  mariners." 


Arnold  Frutkin,  Assistant  Administrator  for  In- 
ternational Affairs,  NASA,  reports  regarding  the  pic- 
ture at  bottom  right: 

"In  June  1962  representatives  of  NASA  and  of  the 
Academy  of  Sciences  of  the  U.S.S.R.  agreed  upon  a 
cooperative  meteorological  program.  The  two  sides 
were  to  develop  first  experimental  and  then  opera- 
tional meteorological  satellites  capable  of  photo- 
graphing the  Earth's  cloud  cover.  They  were  to  es- 
tablish a  conventional  high-capacity  communications 
link  between  Washington  and  Moscow,  dividing  the 
cost,  to  exchange  cloud  photographs  obtained  by 
their  respective  satellites,  together  with  analysis  of 
cloud   information. 

"By  November  1964,  the  commimications  link 
called  the  'cold  line'  had  been  established.  As  1967 
drew  to  a  close,  the  link  had  been  used  to  exchange 
conventional  weather  data  and  a  few  satellite  cloud- 
cover  photographs  per  day.  It  must,  therefore,  be 
regarded  as  in  the  earliest  experimental  stage.  The 
accompanying  photograph  is  an  example  of  the 
cloud-cover  photographs  provided  by  the  Soviet 
Union  over  the  'cold  line.'  " 
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April  7,  1962 
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480  Pictures  in  24  Hours 
Girdle  the  Globe 


"Tiros  IX  provided  this  dramatic  'first'  complete 
view  of  the  world's  weather,"  according  to  Robert 
M.  White,  Administrator,  Environmental  Science 
Services  Administration.  "As  Tiros  IX  circled  the 
Earth  once  every  2  hours  in  its  polar  orbit,  its  2  tele- 
vision cameras  obtained  40  pictures  on  the  Sun-illu- 
minated side  of  the  Earth.     Once  each  orbit  the  pic- 


ture signals  were  received  by  radio  at  ground  stations 
in  Alaska  and  Virginia  and  immediately  relayed  to 
Washington,  D.C.,  where  the  signals  were  converted 
into  picture  form.  After  circling  the  Earth  12  times 
during  the  24-hour  period  of  February  13,  1965,  all 
of  the  Sun-illuminated  portion  of  the  Earth  had 
come  within  the  field  of  view  of  the  cameras  aboard 
the  satellite.  The  480  pictures  taken  during  this 
period  were  then  placed  together  to  produce  this 
bird's-eye  view  of  the  world's  cloud  systems. 

"A  tropical  storm  can  be  seen  over  Ceylon  and  the 
southern  lip  of  India,  and  another  is  over  the  south 
Indian    Ocean.      In    the   lower   right,   a   storm    is   ap- 


12 


TIROS   IX 


proaching  the  southern  coast  of  Australia;  this  storm 
had  moved  approximately  500  miles  to  the  east  24 
hours  later,  as  seen  in  the  pictures  of  the  same  area 
at  the  left  of  the  mosaic.  The  thin  band  of  clouds 
extending  from  central  North  Africa  across  the  Red 
Sea  to  Saudi  Arabia  indicates  the  location  of  the  jet 
stream  in  this  part  of  the  world,  a  strong  current 
of  air  moving  from  west  to  east  high  above  the 
Earth's  surface.  The  remnants  of  an  old  storm  are 
indicated  by  the  comma-shaped  cloud  array  over  the 
North   Atlantic  Ocean. 

"A  strong  weather  front  is  depicted  by  the  clouds 
extending  across  the  southeastern  United  States;  an- 


other storm  is  moving  into  the  northwestern  United 
States  from   Canada. 

"The  importance  of  this  picture  lies  in  the  fact 
that  it  provides  the  meteorologist  with  weather  in- 
formation over  the  entire  Earth,  whereas  conven- 
tional observations  before  satellites  provided  infor- 
mation on  less  than  20  percent  of  the  Earth's  atmos- 
phere. This  global  observing  capability  of  space 
platforms,  and  the  rapid  development  of  space  tech- 
nologv.  has  led  to  the  establishment  by  the  United 
States  of  the  world's  first  operational  weather  satel- 
lite system,  which  is  now  providing  similar  pictures 
of  the  world's  weather  every  day." 


TIROS  IX 
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Latest  Pictures 
Are  Broadcast 


Automatic  Picture  Transmission  (called  APT)  that 
was  flown  on  Nimbus  I  reduced  the  time  required 
and  the  cost  of  getting  photographic  information 
from  a  satellite  to  local  weather  forecasters.  The 
four  pictures  at  the  right  were  received  at  Wallops 
Island,  Va. 

F.  W.  Reichelderfer,  former  Chief  of  the  U.S. 
Weather  Bureau,  wrote  of  them:  "In  this  four-frame 
sequence,  Nimbus  I  reveals  many  things  about  the 
weather  in  a  900-mile  .swath  from  Venezuela  to  the 
Canadian  Arctic  as  viewed  on  .Aizgust  29.  1964,  from 
orbit  a])proximately  550  statute  miles  froin  Earth. 
Through  APT,  the  local  or  regional  weather  fore- 
caster receives  pictures  of  the  cloud  arrays  as  the  satel- 
lite passes  overhead.  APT  receivers  are  fairly  simple 
and  inexpensive. 

"The  two  top  pictiues  show  clouds  typical  of  sys- 
tems of  fronts.  In  midlatitudes  and  the  subarctic, 
warm  fronts  produce  cloud  'decks'  of  cirrostratus 
and  altostratus.  Cold  fronts  produce  convective 
cumulus  and  line-squall  cumulonimbus.  Intermedi- 
ate frontal  forms  give  the  complex  combinations  of 
cloud  forms  and  arrays  seen  in  the  pictures— their 
orientations  and  shapes  being  indicative  of  different 
wind  currents,  etc. 

"1  he  third  picture  looks  down  upon  historic  Hur- 
ricane Cleo  over  South  Carolina  and  Georgia.  The 
characteristic  spiral  bands  of  clouds  first  seen  in  full 
by  rocket  and  satellite  photos  make  it  easy  for  satel- 
lites to  discover  trojjical  cyclones  far  at  sea  oiuside 
the   usual   networks  of  ship   reports. 

"In  the  fourth  picture  the  many  ciunuhis  'streets' 
often  foimd  in  the  trade  winds  can  be  seen;  also 
soiuhward  are  the  cloud  masses  of  an  intertropical 
convergence    ione. 

"Perhaps  most  promising  for  future  weather  anal- 
ysis and  forecasting  is  the  increasing  study  of  clouds 
and  their  arrays  as  symptoms,  and  thus  iliagnostic 
means  for  identifying  atmospheric  dynamic  systems 
which  make  the  weather." 
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In-Depth 
Research 


"As  Hurricane  Gladys  neared  the  southeast  coast 
of  the  United  States  (66.5°  VV,  25.5°  N)  .  the  high- 
resolution  infrared  radiometer  (HRIR)  scanning 
system  aboard  the  Nimbus  satellite  acquired  the  fac- 
simile, at  the  right,  of  the  clouds  of  the  hurricane  and 
the  surrounding  water  masses,"  according  to  Willi.\m 
G.  Stroud,  of  the  Goddard  Space  Flight  Center, 
NASA. 

"At  the  time,  Gladys  was  a  fidly  mature  hurricane 
about  450  miles  in  diameter.  Winds  were  about  125 
mph  near  the  center,  with  hurricane  winds  extend- 
ing 115  miles  northward  and  85  miles  southward. 
Nimbus  I  tracked  Gladys  through  its  12-day  life  as 
a   hurricane. 

"The  HRIR  aboard  Nimbus  I  and  II  senses  radia- 
tion from  the  land,  water,  and  cloud  siufaces  in  the 
3.6-  to  4.2-micron  region  of  the  s]}ectruni.  The  shades 
of  gray  are  proportional  to  the  blackbody  tempera- 
ture of  the  radiating  surfaces;  the  white  areas  are 
the  tops  of  the  clouds  and  the  coldest  areas;  the 
black  areas  are  the  surface  of  the  sea,  and  warmest. 
"Below  the  picture  a  single  scan  line  passing 
through  the  center  of  the  hurricane  is  displayed.  On 
the  left  is  the  nonlinear  equivalent-blackbody  tem- 
peratiue  scale.  The  scan  line  is  from  horizon  to 
hori/on,  about  5000  km  along  the  surface  of  the 
Earth,  highly  distorted  at  the  edges.  .At  the  western 
(left)  horizon  the  temperatures  rise  sharply  from 
210°  K  of  the  ,sky  to  290°  to  300°  K,  the  approxi- 
mate sea-surface  temperatures.  The  temperatures  at 
the  cloud  tops  are  as  low  as  210°  to  220°  K,  and  the 
observed  temperatures  in  the  eye  of  Gladys  are  about 
290-  K.  These  temperatures  are  converted  to  height 
above  sea  level  by  equating  them  to  actual  tempera- 
tures measured  by  soimding  balloons  in  the  vicinity 
of  the  storm,  as  shown  on  the  right.  The  290°-K 
temperature  over  the  eye  of  the  hurricane  corre- 
sponds to  a   height  of  about  2   km;    the  radiometer 


probably  ilid  not  see  the  surface  of  the  sea  through 
the  eye  because  of  the  usual  high-level,  thin,  cirrus 
clouds  covering  the  eye.  The  main  cloud  tops  were 
at   a   height   of  about    12   km." 
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Night  Temperatures  and  Clouds 


Nimbus  I  began  a  second  generation  of  meteoro- 
logical satellites  in  1964.  The  Tiros  satellites  each 
had  two  cameras;  Nimbus  had  three.  It  also  bore 
other  advanced  equipment  to  be  tested  for  use  in 
future  weather-satellite  systems.  Since  the  clouds  are 
"birds  that  ne\er  sleep,"  the  equipment  included  de- 
vices for  collecting  information  about  them  over 
dark  as  well  as  sunlit  areas  of  the  Earth. 

SicMUND  Fritz.  Director  of  the  Meteorological 
Satellite  Laboratory  of  the  Environmental  Science 
Services  Administration,  noted  that  the  picture  at  the 
left  illustrated  one  of  the  additional  services  to  his  pro- 
fession provided  b)    Nimbus  I.     He  writes: 

"This  picture  was  made  from  quantitative  measure- 
ments taken  with  the  Nimbus  I  high-resolution  in- 
frared radiometer  on  September  12,  1964,  at  2340 
GMT.  The  area  extends  from  Scandinavia  through 
Italy  to  the  Timisian  coast.  In  the  picture,  dark 
areas  represent  warm  sources,  and  bright  areas  de- 
note cold  sources.  Thus  the  colder  land  areas  ap- 
pear brighter  than  the  surrounding  water.  More- 
over, the  very  bright  areas  represent  cold  cloud-top 
systems  whose  heights  can  be  estimated  from  the 
measurements. 

"The  meteorological  situation  can  be  to  a  certain 
extent  deduced  from  the  picture.  The  cloudless  area 
over  northwestern  Europe  was  associated  with  an  ex- 
tensive high-pressure  area.  Tlie  clouds  were  mainly 
associated  with  low-pressine  areas  and  frontal  sys- 
tems. Thus  these  Nimbus  data  can  locate  significant 
cloud  systems  at  night,  gi\e  insight  into  meteorolog- 
ical situations,  and  aid  in  estimating  the  heights  of 
cloud  tops." 
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NIMBUS   I 


"This  is  a  Nimbus  II  high-resolution  infrared 
radiometer  picture  taken  near  local  midnioht  on 
October  7,  1966, "  Harry  Press.  Nimbus  Project  Man 
ager,  Goddard  Space  Flight  Center,  NASA,  says  of 
the  pictine  on  this  page.  "It  covers  a  wide  swath 
from  15°  N  to  50°  N  over  the  eastern  Unitcil  States 
and  Caribbean. 

"The  spiraling  cloud  mass  at  the  bottom  is  Hurri- 
cane Inez  whose  center  was  located  just  north  of  the 
Yucatan  Peninsula.  The  Great  Lakes  are  visible  at 
the  top  of  the  picture.  Clearly  distinguishable  is  the 
eastern  coast  of  the  United  States  from  Maine  to 
Georgia. 

"Temperatines  measured  by  the  infrared  scanner 
are  converted  to  shades  of  gray,  from  white  to  black: 
the  white  being  the  coldest  and  the  black  the  warm- 
est temperatures  measured.  Grid  points  are  at  every 
two  degrees  of  latitude  and   longitude. 

"The  white  band  of  clouds  ofT  the  east  coast  is  as- 
sociated with  a  cold  front  over  the  Atlantic.  No- 
ticeable are  the  colder  water  temperatures  near  the 
coast  north  of  Ca]je  Hatteras.  The  ocean  here  ap- 
pears lighter  (colder)  than  the  dark  (warmer)  clear 
areas  in  the  Caribbean  and  south  of  Cape  Hatteras. 
The  warmer  temperatines  south  of  Cape  Hatteras 
and  near  the  frontal  cloud  band  outline  the  warm 
waters   of   the   Gulf   Stream." 


NIMBUS     II 
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Europe 
Tunes  In 


In  Lannion,  France,  on  August  31,  1964,  meteorol- 
ogists received  the  pictures  at  the  left  from  a  passing 
Nimbus,  showing  western  Eiuope  from  Scotland 
south   to   the   Mediterranean. 

}i;an  Bessemoulin,  Chief  Engineer  of  Meteorology 
for  the  French  General  Secretariat  of  Civil  Aviation, 
wrote  of  this  display: 

"On  this  assemblage  of  two  successive  ])hotographs 
taken  by  satellite  Nimbus  I  during  its  46th  orbit. 
France  appears  in  the  center  excejationally  well,  due 
to  a  sky  almost  completely  devoid  of  clouds.  The 
mirrored  reflection  of  the  Sim  on  the  Atlantic  and  on 
the  English  Channel  accentuates  the  clearness  of  the 
coastal  oiuline  of  Brittany  and  Normandy.  The 
.\l|)s  and  the  Pyrenees  show  some  snow-covered 
peaks.  In  the  soiuhwest  is  an  outline  of  the  triangle 
of  the  forest  of  Landes.  The  British  Isles  also  en- 
joy a  generally  clear  sk\.  with  the  exception  of 
cimiidus  clouds  visible  particidarly  on  the  south  coast 
and  on  the  coast  east  of  England. 

"In  the  Mediterranean,  the  Balearic  Islands,  Cor- 
sica, and  Sardinia  are  marked  by  clouds  of  diurnal 
evolution.  And  finally,  to  the  northwest  of  the  Ibe- 
rian Peninsula,  appear  stratified  cloud  formations,  in 
connection  with  perturbances  located  on  the  open  sea 
in    the   Atlantic. 

"The  Lannion  Center  of  Meteorological  Space 
Studies  exploits  constantly  this  type  of  photograph, 
from  which  it  establishes  maps  of  cloud  formations 
which  are  disseminated  to  meteorological  centers  on 
national  and  international  channels." 
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CnARi.ES  J.  RoBiNOVE,  of  the  U.S.  Geological  Sur- 
vey, conmiented  as  follows  on  the  picture  at  upper 
right: 

"The  lower  Nile-Sinai  Peninsula  picture  taken  by 
the  Atlvanced  \'iclicon  C:ainera  System  (AVC.S) 
shows  the  open  water  and  irrigated  areas  (dark), 
and  the  rocky  and  sandy  desert  (white  and  gray)  , 
and  some  of  the  high-contrast  drainage  patterns. 
Terrain  features  of  high  contrast  show  well  in  ihe 
picture,  but  low-contrast  features  do  not.  The  dark 
area  at  left  center  is  the  El  Fai\um  depression,  in 
which  crops  are  irrigated  by  water  diverted  through 
canals  from  the  Nile  Ri\er.  .Although  the  .WCS 
camera  is  designed  for  meteorological  use,  striking 
and  useful  pictures  of  the  Earth's  surface  have  been 
taken  of  cloud-free  areas.  The  ability  of  such  space- 
acquired  imagery  to  portray  large  areas  of  the  Earth's 
surface  at  a  single  instant  of  time  is  of  great  advan- 
tage to  the  Earth  scientist  in  assessing  and  mapping 
large  regional  features  and   their  relationships." 


The  lower  ]3hoto  here  is  a  high-resolution  picture 
of  |iart  of  the  same  area  shown  on  page  18  in  lower 
resolution.  Stanley  Wetland,  Nimbus  Observatory 
Systems  Manager,  Goddard  Space  Flight  Center, 
N.\S.-\,  points  out  how  much  it  encompassed:  "The 
photograph  comprises  an  area  of  about  41  600  nau- 
tical square  miles  from  a  height  of  409  miles.  The 
Pyrenees  show  as  a  dark  area  across  the  center. 
Mountains  usually  show  darker  than  lowlands  be- 
cause of  their  thicker  vegetation  cover  and  basalt 
rocks.  .Another  group  of  mountains,  the  Montague 
Noire,  appear  as  a  dark  tongue  near  the  center 
right  edge.  The  valleys  of  the  Ebro  River  and  its 
tributaries  in  western  Spain  (lower  left  quadrant) 
are  a  good  example  of  a  flood  plain.  .Also  evident 
because  of  its  dark  soil  is  the  Grande  Landes,  an 
alluvial  rich-humus  Hood  ])lain  in  southwestern 
France  (up|jer  left  quadrant)  .  The  course  of  the 
Garonne  River  can  be  traced  to  tiie  junction  with  its 
tributary  the  Grou  River,  just  north  of  Toulouse 
(center  :md   u]j)per  right  i|uadrant)  ." 

A  VCS 
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Multispectral  imaging 
can  tell  scientists  more 
about  the  cocoon  of  air 
around  the  Earth  than  hu- 
man eyes  can  .see.  It  is 
simply  a  matter  of  com- 
bining observations  made 
with  instruments  that  re- 
spond to  different  wave- 
lengths in  tiie  electromag- 
netic spectrum  —  a  tech- 
nique nicely  illustrated 
here. 

William  Nordberg  of 
the  Goddard  Space  Flight 
Center,  NASA,  explains 
this   figure   this  way: 

"Pictorial  presentations 
of  radiation  emitted  and 
reflected  by  the  Earth  and 
the  atmosphere  in  various 
spectral  bands  have  radi- 
cally improved  our  capa- 
bility to  observe  meteorological  features  from  satel- 
lites. When  interpreted  quantitatively,  these  meas- 
urements lead  to  the  description  of  the  telluric  tem- 
perature, cloud,  and  moistiue  fields.  Results  shown 
here  were  obtained  with  Nimbus  11  on  May  17.  1966. 

"Measurements  were  made  in  the  five  spectral  re- 
gions of:  total  reflected  solar  radiation  (0.2  to  4.0 
microns)  ,  total  emitted  thermal  radiation  (5  to  30 
microns)  ,  CO,  absorption  (14  to  16  microns),  the  at- 
mospheric "window"  (10  to  11  microns),  and  water 
vapor  absorption  (6.4  to  6.9  microns)  as  Nimbus  II 
passed  from  the  south-central  United  States  (bot- 
tom)   over  the  Pacific,  Antarctica,  the  Indian   Ocean 
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(center)  ,  India,  and  Siberia  to  North  America.  "The 
radiative  energy  balance  can  be  determined  from  the 
diflerence  between  the  first  two  channels.  The  CO2 
channel  maps  out  the  temperature  field  in  the  lower 
stratosphere,  the  water-vapor  channel  gives  the  mois- 
ture content  in  the  upper  troposphere,  and  the  win- 
dow channel  shows  Earth-surface  temperatures  and 
cloud  heights.  The  hot  surface,  and  moisture-laden 
atmosphere,  of  India  are  obvious  in  the  picture  (up- 
per   third)  .     In    emission,     low-radiation    intensities 

(cold,  cloudy,  or  moist)  are  shown  light:  high-radia- 
tion intensities  (warm,  clear,  dry)  are  dark.  The 
reverse  is  de])icted  by  reflection   (0.2  to  4.0  microns)  ." 


20 


NIMBUS   II 


The  Curls 
in  Clouds 


For  poets  the  clouds  have  long 
been  "a  volume  full  of  v^fisdom." 
Now  it  is  easier  to  read.  The 
curls  at  the  right  are  an  example 
of  the  details  of  the  turbulent  at- 
mosphere that  formerly  eluded 
the  eyes  of  both  artists  and  scien- 
tists. 

GuENTER  Warnecke,  of  the 
Planetary  Radiation  Branch  of 
the  Goddard  Space  Flight  Center, 
NASA,    points   out: 

"This    picture    is    a    mosaic    of 
photographs   taken   by  Nimbus   II 
off  the  west  coast  of  North  Africa 
at    noontime    on     July     16,    1966. 
The   Moroccan  coast   is  recogniza- 
ble   under    clear    sky    conditions; 
Cape     Blanco    is     the     prominent 
landmark   in   the  lower  section   of 
the   mosaic.      The    bright    pattern 
exhibits   a   low-level    cloud   system    embedded    in    the 
stable  and  permanent  north-northeasterly  air  flow  of 
the    trade-wind    regime    of    the    subtropical    Atlantic 
Ocean. 

"The  appearance  of  vortex  structures  within  the 
cloud  deck  was  not  visually  observed  in  the  atmos- 
phere before  satellites  became  an  observational  tool, 
as  these  vortex  patterns  are  too  large  to  be  observed 
from  the  surface  and  too  small  to  be  resolved  in 
conventional   weather  maps. 

"The  northernmost  series  of  the  vortices  is  of  out- 
standing regularity  over  a  distance  of  more  than  400 


miles  and  reflects  the  apparent  existence  of  a  Kar- 
man  vortex  street  underneath  the  cloud  level  in  the 
wake  of  the  6100-foot-high  obstacle  of  the  island 
of  Madeira.  Farther  soiuh  the  irregular  group  of 
the  Canary  Islands  creates  a  more  complicated  as- 
sembly of  curls  and  horizontal  wavelike  structures  re- 
flecting the  superposition  of  Karman-type  vortex 
streets  and  gravity  waves  induced  on  the  low-level 
trade-wind    inversion    by    the    mountainous    islands." 
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Help  for  Cartographers 


Richard  L.  Haley,  Nimbus  Program  Manager, 
.S]3ace  Ap]3lications,  NASA,  wrote  of  this  picture  taken 
Se])tember  9,  1961,  from  high  over  Antarctica:  "In 
addition  to  the  use  of  Nimbus  data  for  meteorologi- 
cal purjjoses,  the  data  have  been  utilized  in  such 
scientific  disciplines  as  glaciology,  geology,  and  ocean- 
ography. 

"For  e\am])le,  here  is  a  Nimbus  I  Ad\anced  Video 
Camera  System  (AVCS)  picture  taken  as  the  satel- 
lite passed  950  kilometers  above  the  ice-covered  Ant- 
arctic Continent.  The  j^icture  covers  an  area  530 
bv  5.S0  kilometers  apj^roximately  in  the  Marie  Byrd 
Land   and   Ellsworth    Highland    region. 

"Just  to  the  left  of  center  is  the  Getz  Ice  Shelf. 
The   dark    areas   delineating    the   coast    are    jirobably 


due  to  pressure  ripples  and  faults  in  the  ice  which 
attenuate  the  reflectivity  of  the  surface.  Cirrus  cloud 
bands  and  their  associated  shadows  produce  the 
striations   at    the   top   of   the   picture. 

"The  Nimbus  pictures  have  been  extremely  valua- 
ble in  the  mapping  of  the  little-known  Antarctic 
Continent.  This  and  other  pictures  aided  cartog- 
ra])hers  to  relocate  Mount  Siple  correctly  2°  farther 
west  on  their  maps.  Mount  Siple  is  visible  as  a 
gray-white  s|)ot  just  above  the  Getz  Ice  Shelf.  Other 
mountain  ranges  in  Antarctica  were  correctly  relo- 
cated, and  the  configuration  of  the  ice  fronts  in  the 
Filchner  Ice  Shelf,  Weddell  Sea,  and  Princess  Martha 
Coast  areas  were  determined  more  accurately  and 
completely  than  ever  before." 
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Every  Day's  Weather  Everywhere 
Becomes  a  Matter  of  Record 


David  S.  Johnson,  Director  of  the  Na- 
tional Environmental  Satellite  Center  of 
the  Environmental  Science  Services  Ad- 
minisiration,  exjilains  this  pictine's  sig- 
nificance: 

"This  satellite  view  of  Europe  and 
North  Africa  obtained  by  ESSA  I  from 
478  miles  above  the  Earth's  surface  rep- 
resents in  capside  form  the  cidmination 
of  6  years  of  space  development  by  the 
United  States,  resulting  in  the  establish- 
ment of  the  world's  first  operational 
weather  satellite  system.  Here  the  me- 
teorologist has  a  picture  of  weather  con- 
ditions over  an  entire  continent,  ])lus 
sizable  portions  of  two  others.  Conditions 
ranging  from  snow-covered  Scandinavia 
and  ice-covered  Gidf  of  Bothnia  in  the 
north  to  the  cloud-free  area  of  North 
Africa  are  discernible  at  a  glance.  The 
exact  location  of  a  low-pressme  center 
over  Denmark  is  unmistakably  outlined 
by  its  characteristic  circular  array  of 
clouds. 

"The  value  of  this  mosaic  is  intrinsi- 
cally great.  On  the  day  it  was  taken. 
iVIarch  1,  1966,  it  was  used  for  pinpoint- 
ing various  meteorological  features;  to- 
day it,  and  thousands  of  similar  pictures, 
are  used  by  scientists  in  studying  the 
Earth's  atmosphere  to  increase  man's 
ability  to  forecast  the  weather. 

"The  not-so-ob\  ious  \alue  lies  in  the 
knowleilge  thai  this  same  area,  indeed 
the  entire  Earth,  was  photogra]5hed  the 
day  before  these  pictures  were  taken, 
was  ])hotogra])lH-d  on  all  the  succeeding 
days,  and  will  continue  to  be  photo- 
graphed every  day  in  the  future.  This  is 
the  essence  of  an  operational  weather 
satellite  system:  observation  of  the  entire 
Earth  reliably  and  regularly,  day  in  and 
ihi\  oui,  lor  the  benefit  of  man." 
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Alma's  9-Day  Whirl 


ESSA  I  photographed  Hurricane  Alma  while  she 
was  at  sea,  shortly  after  noon  each  day  from  June 
4  to  12,  1966,  for  meteorologists  to  chart  her  pres- 
sure. 

L.  F.  Hubert  of  the  National  Environmental  Sat- 
ellite Center  captioned  these  photos:  "A  grid  of 
latitude-longitude  lines  at  5°  intervals  and  dotted 
coastlines  show  that  the  storm  became  a  hiuricane 


just  east  of  Central  America  and  moved  northward 
across  Florida.  The  cloud  masses  in  photos  A  and 
B  reveal  the  intensification  of  a  tropical  storm  in 
the  Caribbean;  C  through  H  display  patterns  that 
are  typical  of  mature  hurricanes.  These  vast  whirl- 
pools of  air  are  characterized  by  a  calm,  low-pres- 
siue  eye  which  is  clearly  seen  as  a  dark  hole  in  the 
clouds  in  G  and  H. 

"Hurricane  intensity  is  inversely  proportional  to 
its  central  pressure;  the  graph  illustrates  the  fluc- 
tuating pressure  of  Alma.  Photo  C  was  taken  a  few 
horns  after  Alma  had  reached  hurricane  intensity; 
the  windspeed  was  75  knots.  On  June  9,  photo  E, 
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the  maxinuini  windspeed  was  aboiu  110  knots,  but 
the  effect  of  the  peninsula  of  Florida  reduced  the 
surface  winds  to  about  95  knots  on  June  9.  photo 
F.  Traversing  the  peninsida  of  Florida.  Alma  re- 
gained some  of  her  intensity  on  June  11,  photo  G, 
but  declined  soon  after  June  12,  photo  H. 

"A  technique  has  been  devised  to  make  reason- 
ably accurate  estimates  of  the  maxinuun  windspeed 
in  storms  by  classification  and  measurement  of 
their  cloud  patterns.  Since  February  1965,'  meteor- 
ological satellites  have  enabled  meteorologists  to 
classify  and  track  every  dangerous  tropical  storm, 
hiuricane.  and  typhoon." 
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Weather  Pictures 
for  the  Asking 


The  Secretary  General  of  the  World  Meteorologi- 
cal Organization  in  Geneva,  Switzerland,  D.  A. 
Davies,  wrote  of  the  mosaic  you  see  here: 

"The  launching  of  ESSA  II  added  the  Automatic 
Picture  Transmission  (APT)  element  to  the  world's 
first  operational  satellite  system.  Prior  APT  systems 
carried  by  Nimbus  I  and  Tiros  VIII  had  confirmed 
the  enormous  value  of  the  facility  for  direct  satellite 
readout  at  any  point  on  the  Earth's  surface  which 
the  APT  system  presents.  At  the  time  of  launching 
ESSA  II,  APT  reception  equi])ment  had  been  in- 
stalled at  about  SO  stations  in  20  countries.  Since 
then  these  numbers  have  increased  steadily. 

"Ihis  picture  is  a  composite  of  17  individual  APT 
]jhotographs  taken  on  ri\e  orbits  of  ESSA  II.  The 
easternmost  three  orbits  were  acquired  at  Washing- 
ton, D.C.,  and  show  how,  within  a  space  of  some  4 
hours,  a  clear  presentation  of  the  cloud  systems  over 
an  area  greater  than  ilie  whole  of  North  America 
may  be  directly  obtained.  The  two  westernmost 
orbits  were  obtained  at  San  Francisco  and  Honolulu. 
The  cloud  formations  of  the  depressions  over  the 
central  Atlantic,  near  the  Great  Lakes,  and  off  the 
west  coast  of  the  United  States  are  very  well  dis- 
played and  follow  closely  the  patterns  to  be  expected 
from  classi(,al  frontal  theory.  Indeed  one  of  the  re- 
vealing features  of  satellite  cloud  pictures  is  the 
striking  confirmation  they  give  of  the  frontal  theory 
of  the  formation  and  development  of  depressions 
first  enimciated  by  the  Norwegian  school  of  meteor- 
ologists nearly  50  years  ago.  The  cloud  formations 
of  Hurricane  Alma  are  \isiblc  in  the  western  Clarib- 
bean   Sea. 

"The  ])icture  demoiistiatcs  also  tliat  cloudless  lantl 
and  water  areas  tan  be  readily  detecteil,  including 
areas  ol  fro/en  water  in  northern  Ganada,  snow  cover 
on  the  Rocky  Mountains,  and  the  icecap  of 
Greenland." 
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Characteristics  of  Churning  Air 


Richard  J.  Reed,  of  the  Department  of  Atmos- 
])heric  Sciences  at  the  University  of  Wasliington. 
welcomed  pictines  such  as  the  one  below  because, 
in  his  words: 

"Thin  layers  of  fluid  heated  from  below  in  labora- 
tory experiments  may.  imder  ])ro]5er  conditions,  over- 
turn in  cellidar  ])atterns.  If  the  upper  part  of  the 
la)er  is  in  motion  relative  to  the  bottom,  the  over- 
turning may  take  ])lace  in  long,  horizontal  rolls  whose 
axes  point   in   the  direction  of  the  shearing  motion. 

"Cloud  photogra|>hs  taken  from  satellites  reveal 
ihat  analogous  cellular  patterns  occur  in  the  lower 
layers  of  the  atmosphere  when  frigid  air  crosses  a 
warm  surface.  In  this  picture  cold,  dry  air  is  stream- 
ing southward  Irom  eastern  .Alaska  and  western  Can- 
ada  over   the  relatively   warm   waters  of   the   Pacific. 


Moistiue  sujjplied  by  the  ocean  causes  clouds  to  form 
in  the  cold-air  stream  after  it  has  traveled  some  dis- 
tance offshore.  The  initial  cloud  pattern  consists  of 
small  cells  arranged  in  bands,  indicating  that  the 
heating  is  conlmed  to  a  shallow  layer  of  strong  ver- 
tical wind  shear.  Farther  south,  where  the  heating 
extenils  through  a  greater  depth,  the  cells  are  larger 
and  have  a  honeycomb  a]3])earance.  Rings  of  as- 
cending, cloud-laden  air  suiround  open  spots  in 
which  the  air  subsides. 

"Pictures  like  this  provide  fimdamental  knowledge 
of  the  manner  in  which  heat  and  moisture  are  trans- 
ported from  the  ocean  to  the  atmosphere.  This 
knowledge  will  lead  eventually  to  increased  accuracy 
in  long-range  jjrediction  where  energy  exchanges 
with   the  stnface  are   an   imijortant   factor." 


MiCHAF.i.  L.  Garbacz,  Tiros/TOS  Project  Man- 
ager, Space  Applications.  NASA,  points  out  that  the 
photo  of  Hurricane  Faith  at  the  right  was  used  both  to 
locate  it.  about  300  miles  olT  C;a])c  Hatieras  on  Sep- 
tember 1.  \9GC).  and  to  determine  its  imporiant  char- 
acteristics. "The  general  cloud  organization."  he 
notes,  "reveals  the  windspeeds  at  the  center  were  on 
the  order  of  110  knots.  This  picture  and  others  like 
it  on  preceding  and  succeeding  days  provided  local 
forecasters  with  information  on  which  to  base  fore- 
casts and  warnings.  The  bright  spot  to  the  left  is 
the  reflection  of  the  Sun  on  the  ocean's  surface." 

Lee  M.  Mace,  of  the  Environmental  Science  Serv- 
ices .Administration,  notes  that  photos  such  as  the 
one  at  the  right  here  not  only  expose  frontal  systems 
but  also  provide  valuable  information  on  the  loca- 
tion of  snow  and  ice  to  hydrometeorological  services. 

"Most  of  Scandinavia,  under  generally  free  cloud 
conditions,  is  clearly  visible  between  two  weather  sys- 
tems here,"  he  points  oiu.  "The  band  of  frontal 
cloudiness  at  the  upj^er  right  has  moved  from  west  to 
east  across  Scandinavia,  while  another  in  the  lower 
left  is  approaching.  Abundant  snow  cover  can  be 
seen  on  the  moimtains  of  Norway  and  Sweden.  The 
sharp  valleys  of  the  fiords  are  made  visible  by  the 
apparent  lack  of  snow  and  the  shadows  cast  by 
moimtains.  Niunerous  frozen  lakes  with  a  snow  layer 
on  the  ice  are  seen  as  bright  jjatches  in  Finland. 
An  area  of  solid  ice  covers  the  norihern  portion  of 
the  Gidf  of  Bothnia  except  for  a  wide  northeast- 
soiuhwesi  lead  in  the  ice  along  the  west  toast  of  Fin- 
land. 

"The  ])eninsida  and  islands  of  Denmark  a])i)ear  in 
the  lower  center  of  the  picture.  Other  islands  in 
the  Baltic  Sea  arc  oiulined  by  sim  glint  on  the  sea. 

"The  appearance  of  the  ice  which  is  filling  the 
northern  Gulf  of  Bothnia  and  the  pack  ice  northwest 
of  Norway  are  of  interest  to  those  engaged  in  fishing 
and   shipping." 


ESS  A  II 
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Daily  Global 
Weather  Coverage 


"This  photomosaic  depicts  complete  global  cover- 
age assembled  from  pictures  taken  during  12  consecu- 
tive orbits  on  October  31,  1966,  by  the  ESSA  III 
meteorological  satellite,"  Herbert  I.  Butler,  Chief, 
Operational   Satellites   Office,   Goddard   Space   Flight 


Center.  NASA,  tells  us.  "The  mosaic  typifies  the 
daily  output  of  the  Advanced  Vidicon  Camera  Sys- 
tem obtained  by  the  Tiros  Operational  Satellite 
(TOS)  system  for  use  by  the  U.S.  Weather  Bureau 
in  preparing  daily  worldwide  meteorological  analyses 
and  forecasts." 

How  high  was  the  camera  and  how  much  of  the 
Earth  does  each  frame  cover? 
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ESSA  III 


"The  ESSA  III  satellite  was  in  a  750-mile  altitude, 
circular  orbit,  inclined  approximately  79°  retrograde 
to  provide  Sun  synchronism.  Each  picture  covers 
approximately  3  000  000  square  miles  of  the  Earth's 
surface.  In  order  to  provide  geographic  location  of 
meteorological  phenomena,  each  picture  was  routinely 
gridded  at  ES.SA  in  a  latitude-longitude  matrix. 
The  South  Pole  and  the  Antarctic  region  are  clearly 


visible  in  the  concentric  circles  in  each  of  the  lower 
pictures.  Africa  and  the  Near  East  are  readily  recog- 
nized in  the  central  portion  of  the  mosaic. 

"The  significance  of  this  group  of  photographs  lies 
in  the  fact  that  it  represents  a  truly  operational  prod- 
uct of  the  space  age  and  the  result  of  more  than  6 
years  of  research  and  development  work  in  the  Tiros 
and  Nimbus  programs." 


ESSA   III 
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North  Polar  View 

Fast  Service  for  Airmen 

"One  hundred  and  fifty  vidicon  camera  images  col- 
lected by  the  ESSA  III  satellite  were  combined  in  the 
pictures  on  this  page  to  reveal  the  cloud  cover  over 
the  entire  Earth  on  January  6,  1967,"  Charles  L. 
Bristor,  Chief,  Data  Processing  and  Analysis  Divi- 
sion, at  the  National  Environmental  Satellite  Center, 
tells  us.  "Each  (800  scan  line)  image  signal  has 
been  converted  into  640  000  separate  digital  bright- 
ness samples.  The  fastest  computer  presently  avail- 
able is  used  to  partially  correct  each  image  for  varia- 
tions  in   solar  illumination   and    camera-lens   vignet- 


South  Polar  View 


ting.  The  pictures  are  cropped  to  reduce  overlap 
and  then  mapped  in  full  resolution  on  northern  and 
southern  hemispheric  polar  stereographic  projections 
(shown  above) .  An  overlapping  Mercator  mapping 
of  regions  bracketing  the  areas  is  below. 

".Such  routine  mapping  is  creating  montage  images 
for  timely  use  in  weather  briefing  for  pilots  flying 
transoceanic  roiUes  and  for  use  in  improving  weather 
analyses  and  forecasts.  It  also  is  providing  vital  input 
for  further  computer  efforts  toward  the  automatic 
extraction  of  information." 


Arabia 


North  America 


Africa 


Australia 


South  America 
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ESSA   III 


Six  Disturbances  Seen  Simultaneously 


Applications  Technology  Satellites  (ATS)  are  sta- 
tionary with  respect  to  the  subsatellite  point  on  the 
Earth  because  they  rotate  with  the  world.  This  and 
the  pictures  on  the  next  four  pages  were  obtained 
from  such   a   satellite. 

"The  positions  of  six  tropical  disturbances  were 
observed  simultaneously  on  September  14,  1967,  in 
this  picture  from  the  ATS-1  satellite  over  the  Pa- 
cific," says  the  Applications  Technology  Satellite  Pro- 
gram Manager,  Joseph  R.  Burke. 


"Beulah  was  developing  in  the  Caribbean,  Monica 
was  west  of  Mexico,  and  Nanette  was  developing 
south  of  Baja  California.  At  the  same  time,  Sarah 
had  started  south  of  Hawaii  and  Vera  and  Opal 
were  off  the  coast  of  Japan.  As  in  many  other  ATS 
pictures,  the  intertropical  conversion  zone  is  visible 
along  the  line  of  the  equator.  One  of  the  chief  ad- 
vantages of  geostationary  satellites  is  that  they  permit 
the  meteorologists  to  \iew  a  very  large  area  simulta- 
neously." 


A  T  S-  I 


33. 


A  Day  Passes 
a  Stationary 
Photographer 


The  ATS-I  satellite  transmitted  these  pictures  of 
night  and  day  December  11,  1966.  The  times  given 
are  Eastern  Standard,  and  the  photos  show  the  chang- 
ing cloud  pattern  over  the  visible  hemisphere. 

"These  photos  show  the  great  advantage  of  view- 
ing the  Earth's  storm  clouds  from  a  satellite  in  geo- 
stationary orbit,"  says  Verner  E.  Suomi  of  the  Space 
Science  and  Engineering  Center  at  the  University  of 
Wisconsin.  "Here  the  weather  moves— not  the  satel- 
lite. The  first  photo  shows  the  early  morning  sun- 
light over  South  America.  A  storm  which  looks  like 
a  white  comma  with  its  tail  pointing  west-southwest 
can  be  seen  off  the  coast  of  Chile.  By  3:45  p.m.  and 
5:45  p.m.,  the  tail  of  the  comma  (really  a  cold  front) 
has  rotated  a  quarter  turn  to  the  north  and  the 
whole  storm  has  moved  farther  east  and  south. 
Changes  in  the  structure  of  another  storm  off  the 
coasts  of  Oregon  and  Washington  can  be  seen  as 
the  storm  strikes  the  mountains.  The  snow-covered 
Sierra  Nevada  range  can  be  seen  northwest  of  Baja 
California,  clearly  visible  in  the  1:36  p.m.  and  3:45 
p.m.  photos. 

"Subtle  changes  in  the  convective  clouds  such  as 
thunderstorms  as  the  day  proceeds  are  also  visible 
over  the  Amazon  and  portions  of  the  oceanic  tropics. 
Even  the  equator  appears  to  be  visible  due  to  the 
reduced  cloudiness  of  the  equatorial  dry  zone. 

"Weather  is  air  in  motion.  A  camera  on  a  satellite, 
stationary  with  respect  to  the  Earth's  surface,  allows 
us  to  view  the  weather  in  a  highly  useful  new  di- 
mension—time." 


7:05  a.m. 

The  camera  that  produced  these  pictures  was  at 
an  altitude  of  about  22  300  miles,  and  was  a  "spin 
scan  cloud  camera."  In  reality,  says  Robert  J. 
Darcey,  Applications  Technology  Satellite  Project 
Manager  at  the  Goddard  Space  Flight  Center,  NASA, 
"it  is  not  a  camera  at  all.  It  is  a  reflecting  telescope 
with  a  pinhole  aperture. 

"Light  which  enters  the  pinhole  is  focused  on  a 
photomultiplier  tube  and  its  intensity  is  converted 
into  electric  impulses.  The  impulses  are  transmitted 
to  the  ground  for  processing  on  the  terminal  equip- 
ment which  converts  the  impulses  into  photographic 
images.  The  east-west  scan  of  the  camera  is  accom- 
plished by  simply  leaving  the  aperture  open  at  all 
times,  hence  utilizing  the  satellite  spin.  The  north- 
south  scan  is  accomplished  by  mechanically  tilting 
the  camera  after  each  line  has  been  generated.  Two 
thousand    lines    are   required    for   one    picture." 

Recording  each  of  the  seven  pictures  here  took 
20  minutes. 
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A  T  S-  I 


5:4-4    p.iii- 


9:15   p.m. 


10:05   p.m. 


Storms  Are  Photographed 

From  Their  Cradles  Until  They  Die 


January  2,   1967 


January  3,   1967 


January  4,  1967 


January  5,  1967 


January  6,   1967 


January  7,  1967 


"This  sequence  of  pictures  taken  by  ATS-I," 
Morris  Tepper,  Deputy  Director,  Space  Applications 
Program,  NASA,  reports,  "gave  meteorologists  one  of 
their  first  opportunities  to  study,  in  detail,  the  life 
cycle  of  a  cyclonic  storm  as  portrayed  in  cloud-cover 
pictures.  The  storm  can  be  seen  as  it  developed 
January  2,  1967,  in  the  left  part  of  the  picture  just 
above  the  Equator.  On  succeeding  days,  it  is  seen 
to  progress  in  a  northeasterly  direction  until  it 
reaches   a   peak  on  January   4   and   5.     The   storm 


then  may  be  seen  in  the  upper  center  of  the  Earth's 
disk.  The  storm's  clouds  were  very  well  developed, 
indicating  it  had  reached  its  full  maturity.  On  Jan- 
uary 6  and  7,  the  storm  began  to  dissipate,  its  cloud 
structure  becoming  more  diffuse.  The  organized  cir- 
culation can  no  longer  be  seen  in  the  final  picture. 
"Many  storms  such  as  this  have  been  observed  and 
studied  during  the  lifetime  of  ATS-I.  The  dynamic 
character  of  storm  development  becomes  even  more 
striking  when  these  pictures  are  viewed  as  a  movie." 
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ATS-I 


Sept   14,  1967 


Sept   11.  1967 


Sept  9,  1967 


"Typhoon  Sarah"  (above) ,  John  F.  Clark,  Di- 
rector, Goddard  Space  Flight  Center,  NASA,  recalls, 
"caused  considerable  damage  to  Wake  Island  the 
afternoon  of  September  16,  1967.  As  can  be  seen  in 
this  sequence,  and  particularly  in  the  pictures  taken 
on  September  14  and  17,  the  storm  passed  Wake 
Island  during  the  period  of  its  peak  intensity.  The 
severest  part  of  the  storm,  the  right  forward  quad- 
rant, lashed  Wake  on  September  16.  The  overall 
track  of  the  storm,  and  specifically  the  September  14 


picture,  was  used  to  provide  reliable  advanced  warn- 
ing to  the  island  of  Wake.  ATS-I  had  the  capabil- 
ity for  continuously  viewing  the  same  portion  of  the 
Earth  and  its  atmosphere  during  daylight  from  its 
vantage  point  over  the  Pacific.  Sequences  such  as 
this  are  of  considerable  interest,  not  only  to  the  trop- 
ical forecaster  but  also  to  research  meteorologists  who 
can  use  this  kind  of  data  to  study  the  behavior  of 
tropical  storms  and  the  conditions  surrounding  their 
birth  and  death." 


ATS-I 
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SECTION   TWO 


TO   THE   MOON 


AND   BEYOND 


TO  THE  MOON  AND  BEYOND 


1  HE    CAMERA    SYSTEMS     DE- 

veloped  for  lunar  and  planetary  work  involved  a 
marriage  of  photographic  and  radiotelemetry  tech- 
niques. By  the  time  it  was  possible  to  put  cameras 
into  space  near  the  Moon  and  planets,  pictures 
could  be  transmitted  by  radio  with  very  little  de- 
gradation from  the  transmission  process.  To  date, 
ail  pictures  taken  by  unmanned  spacecraft  of  the 
Moon  and  Mars  have  been  returned  to  Earth  by 
radio-propagation  techniques. 

Although  man  had  studied  the  Moon  for  cen- 
turies, no  one  had  ever  seen  its  far  side  until  this 
decade.  It  was  natural  that  one  of  the  first  things 
that  occurred  to  man  for  use  of  the  camera  in 
space  was  to  record  the  far  side  to  compare  it  with 
the  visible  face.  From  a  scientific  point  of  view, 
the  unknown  nature  of  its  crater-pocked  sur- 
face had  also  caused  considerable  interest  in  the 
small-scale  features,  and  in  determining  the  tex- 
ture and  composition  of  the  surface. 

The  first  Russian  photographs  of  the  Moon  ob- 
tained with  Luna  III  in  October  1959  were  crude 
pictures  of  a  portion  of  the  far  side  and  portrayed 
the  gross  similarities  and  differences  between  the 
far  and  near  sides.  The  U.S.  missions  concentrated 
on  obtaining  the  first  closeup  look  at  the  near 
side;  this  was  accomplished  by  Ranger  VII  in  July 
1964. 

The  Moon  is  particularly  difficult  to  photograph 
because  it  is  a  rather  dark  body  with  no  atmos- 
phere to  diffuse  light.  Every  object  photographed 
is  therefore  either  in  bright  light  or  dark  shadow, 
resulting  in  extremely  contrasty  pictures.  The 
surface  of  the  Moon  also  has  the  strange  photo- 
metric property  of  reflecting  light  selectively  in 
the  direction  of  the  light  source.  Because  of  these 
characteristics,  pictures  taken  when  the  Sun  is  high 
would  show  very  little  topographic  detail:  that  is. 
there  would  be  very  little  contrast  due  to  terrain 


slope,  and  the  pictures  would  be  dominated  by 
shadow  contrast.  Pictures  taken  near  lunar  sun- 
rise or  simset,  however,  emphasize  slope  contrast 
by  eliminating  the  backscattered  light.  Thus  a 
spacecraft  sent  to  obtain  high-resolution  photo- 
graphs must  be  aimed  within  a  fairly  narrow 
range  of  lighting  zones. 

It  was  in  December  \959  that  the  National 
Aeronautics  and  Space  .Administration  formulated 
guidelines  for  a  lunar  program  with  objectives 
that  included  high-resolution  images  of  the  lunar 
surface.  In  a  guideline  letter  to  the  Jet  Propul- 
sion Laboratory,  inaugurating  the  effort  later 
known  as  the  Ranger  Program,  it  was  stated: 

"The  lunar  reconnaissance  mission  has  been 
selected  with  the  major  objective  in  mind  being 
the  collection  of  data  for  use  in  an  integrated 
lunar-exploration  program.  Of  the  se\eral  spe- 
cific experiments  reviewed  for  assignment  to  the 
early  flights,  the  transmission  of  high-resolution 
pictures  of  surface  detail  appears  to  be  the  most 
desirable.  It  is,  therefore,  requested  that  your 
program  be  direc  ted  to  the  consideration  of  a  pay- 
load  containing  a  pictme  transmission  system 
which  will  acquire  and  transmit  a  number  of 
images  of  the  lunar  surface.  The  system  should 
have  an  overall  resolution  of  sufficient  capability 
for  it  to  be  possible  to  detect  lunar  details  whose 
characteristic  dimension  is  as  little  as  10  feet." 

Nine  Ranger  missions  were  flown:  se\en  of  the 
spacecraft  carried  cameras.  Rangers  III,  IV,  and 
V  each  carried  a  camera  with  a  telescope  of  40-inch 
focal  length  and  several  other  scientific  instru- 
ments. Rangers  VI  through  IX  were  designed 
solely  to  obtain  closeup  photographs:  each  car- 
ried six  television  cameras  of  varying  focal  lengths 
to  provide  both  wide-  and  narrow-angle  views  of 
the  surface  on  approach.  Because  of  develop- 
mental problems,  Rangers  III  through  VI  failed  to 
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provide  any  photographic  information.  Rangers 
VII,  VIII,  and  IX  produced  more  than  17  000 
high-quality  photographs,  giving  man  his  first 
close  view  of  the  lunar  surface.  Included  in  these 
photographs  were  detailed  images  of  tliree  differ- 
ent portions  of  the  Moon,  two  in  widely  separated 
mare  areas  and  one  inside  the  crater  Alphonsus. 
Perhaps  the  last  series  of  pictures  was  the  most 
striking,  for  it  showed  a  variety  of  features  that 
included  highland  areas,  a  central  peak  in  the 
crater,  and  the  floor  of  this  ancient  crater.  Ranger 
photographs  were  hailed  by  scientists  for  their 
clarity  and  detail,  with  the  last  few  frames  from 
each  mission  being  as  much  as  a  thousand  times 
sharper  than  any  obtained  from  telescopes  on 
Earth.  A  number  of  theories  were  confirmed, 
many  were  rejected,  and  new  theories  developed 
as  a  result.  By  far  the  most  dominant  topographi- 
cal feature  on  the  Moon  was  shown  to  be  the 
crater,  extending  in  diameter  from  hundreds  of 
miles  down  to  a  few  inches,  in  ever-increasing 
numbers  toward  the  smaller  scale.  Past  argu- 
ments about  whether  craters  had  been  formed  by 
impact  or  by  volcanic  activity  were  fused  into 
combined  theories  indicating  the  probability  of 
both  types  of  formation.  Perhaps  of  most  signifi- 
cance was  the  fact  that  at  high  resolution,  three 
widely  separated  areas  on  the  Moon  showed  fea- 
tures of  a  very  similar  nature. 

While  the  Ranger  Program  was  getting  under- 
way, plans  were  laid  for  tAvo  other  programs  to 
extend  observations  of  the  Moon  with  cameras. 
The  Surveyor  Program  called  for  soft  landing  of 
spacecraft  able  to  observe  minute  detail  on  the 
surface,  to  view  local  topography  as  a  man  might 
see  it,  and  to  make  other  scientific  measurements. 
The  Lunar  Orbiter  Program  called  for  putting  a 
camera  in  orbit  about  the  Moon  to  observe  areas 
of  the  surface  at  extremely  high  resolution  and  to 
survey  the  entire  lunar  surface. 

On  the  very  first  mission.  Surveyor  I  landed 
successfully  and  returned  some  10  000  pictures  be- 
fore sunset  on  its  first  lunar  day.  Included  in 
these  pictures  were  closeups  of  the  spacecraft  it- 
self, the  soil  that  had  been  disturbed  by  the  space- 


craft, the  features  on  the  distant  horizon,  rocks 
and  craters  nearby,  some  of  the  planets  and  stars, 
and  the  setting  Sun  as  it  slowly  dropped  over  the 
horizon.  The  camera  continued  to  operate  into 
the  lunar  night  and  took  some  pictures  with  the 
light  of  earthshine.  During  the  second  limar  day, 
it  returned  899  additional  pictures. 

Surveyor  I  was  joined  by  Surveyor  III  on  the 
Moon  after  Surveyor  II  failed  to  operate  properly 
and  crashed  onto  the  surface.  Surveyor  IV  also 
experienced  difficulty,  but  Surveyors  V,  VI,  and 
VII  succeeded  in  every  respect.  Surveyor  III  was 
significant  because,  in  addition  to  the  camera,  it 
carried  a  surface  sampler  which  allowed  scientists 
to  manipulate  the  soil  under  the  view  of  the 
camera.  In  a  way,  this  spacecraft  represented  the 
placing  of  man's  hands  as  well  as  his  eyes  on  the 
surface  of  the  Moon,  for  scientists  were  able  to 
command  the  sampler  on  the  basis  of  what  they 
saw,  much  as  a  scientist  operates  in  his  laboratory. 

Surveyor  V  will  be  remembered  for  its  first  meas- 
urements of  the  constituents  on  the  lunar  surface, 
although  it  also  retiuned  19  000  photographs. 
An  alpha-backscattering  instrument  was  able  to 
record  the  elemental  composition  of  the  Moon's 
surface  at  one  location  to  an  accuracy  of  a  few 
percent,  indicating  that  it  is  much  like  many 
basalts  here  on  Earth.  Again  the  camera  served 
to  provide  related  information  on  the  surface  and 
the  placement  of  the  instrument. 

Surveyor  VI  continued  the  exploration  of  the 
limar  surface  with  the  successful  landing  near  the 
middle  of  the  Moon  as  seen  from  Earth.  It  re- 
peated the  survey  of  the  surroimding  terrain  and 
the  topography  close  at  hand,  transmitting  a  rec- 
ord 30  065  pictures  during  the  first  lunar  day.  It 
also  gave  a  second  set  of  readings  on  the  composi- 
tion of  the  lunar  surface,  indicating  that  the 
material  was  essentially  the  same  as  that  in  the  re- 
gion farther  east  measured  by  Surveyor  V. 

A  series  of  five  Lunar  Orbiter  spacecraft  have 
successfully  photographed,  in  resolution  of  about 
3  feet,  25  sites  that  appear  to  be  suitable  for 
manned  landings,  and  from  these,  5  potential  sites 
for    manned    landings    have    now    been    selected. 
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Ill  addition  to  the  landing  areas,  many  sites  of 
high  scientifu  interest  have  been  photooraphed  to 
a  resolution  oi  from  .'5  to  15  feet.  The  entire  front 
face  of  the  Moon  has  been  covered  at  a  resolution 
between  175  and  400  feet,  providing  topographic 
information  that  ^vill  allow  \cry  detailed  geologic 
studies. 

Some  of  the  most  exciting  photographs  obtained 
by  lAinar  Orbiter  ^vere  oblique  views  of  the  sur- 
face. One  of  the  earliest  photographs  showing  the 
limb  of  the  Moon  also  revealed  the  Earth  in  the 
distance,  clearly  showing  both  the  terminator  and 
the  cloud  coverage  over  the  sunlit  portion  of  the 
globe.  Because  there  is  no  atmosphere  on  the 
Moon,  oblique  photographs  vvith  the  telephoto 
lens  are  perfectly  clear  and  distinct,  e\en  though 
features  photographed  were  up  to  75  miles  away. 
The  views  of  the  steep  crater  avails  and  landscapes 
are  very  helpful  to  the  scientific  interpretations  of 
topography  when  used  in  conjunction  with  pho- 
tography obtained  from  a  vertical  view. 

The  series  of  automated  spacecraft  containing 
cameras  that  have  been  sent  to  the  vicinity  or 
surface  of  the  Moon  have  provided  detailed 
knowledge  of  the  surface  topography.  When 
combined  with  other  data,  photographs  have  en- 
abled us  to  examine  the  relationships  between  the 
Moon's  topography,  its  specific  mechanical  charac- 
teristics, and  its  chemical  composition.  Photo- 
graphs ailo\v  improved  accuracy  of  mapping  for 
the  near  side,  and  for  the  first  time  have  provided 
coverage  of  the  far  side.  Manned  landing  sites 
have  been  selected  from  photos  and  from  measure- 
ments returned  by  unmanned  spacecraft,  and  are 
being  thoroughly  studied  both  to  insure  the  safety 
of  the  astronauts  and  to  achieve  the  greatest  scien- 
tific returns  from  man's  visit. 


Allliough  much  has  been  done,  there  are  still 
many  potential  uses  for  (ameras  in  exploring  the 
Moon.  Because  shadovving  is  necessary  to  pro\  ide 
topographical  detail,  many  areas  of  the  Moon  have 
not  been  photographed  with  high  resoluiion. 
Under  dilierciu  lighting  (oiidiiions,  new  knowl- 
edge will  be  obtained.  When  man  sets  foot  on 
the  Moon,  it  is  certain  that  his  cameras  will  return 
to  Earth  a  wealth  of  new  data. 

Because  of  their  greater  distaiues  from  Earth 
and  because  of  their  atmospheric  properties,  we 
know  far  less  about  other  planets  in  the  solar  sys- 
tem from  observations  by  telescope  than  we  kncnv 
about  the  Moon.  Only  one  spacecraft  has  suctess- 
fully  photographed  a  planet  from  nearby.  This 
was  Mariner  IV,  which  flew  by  Mars  in  lf)fi5  and 
returned  22  pictures.  One  of  these  showed  an 
oblique  view  of  the  liinb  of  the  planet.  Perhaps 
the  most  striking  of  the  Mariner  pictures  was  one 
showing  many  craters  and  a  surface  surprisingly 
like  that  of  the  Moon.  Elevation  changes  of  thou- 
■sands  of  feet  were  noted  and  portions  of  the  terrain 
seemed  quite  rough. 

The  future  for  planetary  photography  is  tre- 
mendous. From  telescopes  on  Earth,  we  know 
that  many  of  the  planets  have  strikingly  different 
characteristics.  The  day  will  surely  come  when 
cameras  will  be  flo^vn  to  the  vicinity  of  these 
interesting  planets,  and  we  will  be  able  to  view 
the  results  here  on  Earth.  The  next  planetary 
mission  planned  by  the  United  States  with  empha- 
sis on  photography  is  a  pair  of  missions  to  Mars  in 
1969,  which  will  not  only  provide  photographic 
coverage  of  most  of  the  surface  at  resolutions  bet- 
ter than  we  have  from  Earth,  but  will  also  provide 
closeup  looks  that  will  greatly  expand  our  knowl- 
edge of  Mars.— Oran  W.  Nick,s 
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The  Moon  That  Man 
Had  Never  Seen  Before 


After  centuries  of  wondering  what  the  other  side 
of  the  Moon  looked  like,  man  finally  got  his  first, 
engrossing  glimpses  of  it  in  the  fall  of  1959. 

The  first  prints  of  those  historic  Soviet  photos 
taken  by  Luna  III  were  not  quite  as  clear  as  the  two 
shown  here.  These  have  enhanced  quality,  explains 
WiLMOT  N.  Hess,  Director  of  Science  and  Applica- 
tions, Manned  Spacecraft  Center,  NASA,  because 
"they  are  a  combination  of  various  negatives  that 
were  screened,  combined,  and  rectified  by  workers  at 
the  University  of  Arizona's  Limar  and  Planetary  Lab- 
oratory. 

"Luna  in,  launched  October  4,  1959,  was  the  first 
space  probe  to  photograph  another  planetary  body 
and  transmit  the  pictures  back  to  Earth,"  Hess  con- 
tinues. "The  photographs  taken  covered  more  than 
10  million  square  kilometers  on  the  far  side  of  the 
Moon.  This  meant  that  about  80  percent  of  the 
lunar  surface  had  been  covered  by  photography  of 
various  resolutions. 

"Features  identifiable  on  the  photos  here  include 
Tsiolkovsky  [dark  crater  with  bright  peak  at  lower 
right],  Mare  Moscoviense  [dark  area  at  upper  right]. 
Mare  Australe  [large,  irregular  dark  area  on  lower 
edge],  Mare  Fecunditatis  with  Mare  Crisium  above  it 
[left  edge].  Mare  Smythii  [large  dark  area  with  two 
bright  peaks].  Mare  Marginis  [above  Mare  Smythii], 
and  Mare  Humboldtianum  [dark  area  at  top  left]. 
Tsiolkovsky  and  Mare  Moscoviense  were  viewed  for 
the  first  time  on  Luna  III  photography.     The  Soviets 


also  interpreted  the  bright  area  above  Tsiolkovsky 
as  a  mountain  range.  (The  higher  resolution  Lunar 
Orbiter  photography  has  since  shown  this  area  to  be 
heavily  cratered,  but  not  mountainous.)  Luna  Ill's 
photographs  indicated  that  the  Moon's  far  side  has 
no  large  mare  areas  and  contains  much  more  con- 
tinental area   than   the  side  facing  Earth." 

"The  Soviet  space  probe  Zond  III,"  one  of  whose 
[Mctures  is  shown  on  the  facing  page,  says  Hess, 
"was  launched  on  a  mission  that  photographed  the 
20  percent  of  the  hmar  surface  that  had  not  previously 
been  viewed.  Picture  taking  began  at  1:24  uni- 
versal time  on  July  20,  1965,  at  an  altitude  of  II  570 
kilometers.  During  the  following  68  minutes,  25 
photos  were  taken,  and  the  altitude  gradually  de- 
creased to  9220  kilometers,  then  increased  to  9960 
kilometers.  The  area  photographed  extended  from 
the  western  edge  of  the  visible  side  of  the  Moon 
across  the  far  side  to  the  terminator. 

"The  large  photograph  shows  the  equatorial  and 
northern  portions  of  the  lunar  far  side.  The  large 
dark  area  on  the  right  is  Mare  Orientale,  which  is 
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located  on  the  western  limb  of  the  Moon  when 
viewed  from  Earth.  (The  orientation  of  cardinal 
directions  is  in  accordance  with  the  Astronautical 
Convention  adopted  by  the  lAU  General  Assembly 
of  1961.)  The  dark  area  at  the  right  edge  of  the 
picture  is  the  crater  Grimaldi,  which  is  on  the  visible 
side  of   the   Moon. 

"With  this  Zond  III  photography  and  that  of  the 


earlier  Luna  III,  only  an  area  at  the  south  polar 
region  of  the  far  side  of  the  Moon  remained  to  be 
viewed. 

"The  photography  taken  by  the  Zond  III  camera 
was  of  a  higher  quality  than  that  of  Luna  Ill's 
camera,  and  confirmed  the  initial  impressions  that 
the  far  side  of  the  Moon  has  fewer  large  maria  and 
much  more  continental  area  than   the  visible  side." 
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Rangers  Bring  the  Moon  Up  Close 


Astronomers  were  jubilant  at  the  clarity  of  the 
thousands  of  closeup  photos  of  the  Moon  taken  in 
1964-1965  by  the  TV  cameras  on  Rangers  VII,  VIII, 
and  IX  during  the   final  moments  before   impact. 

Of  the  four  photos  shown  on  these  pages  and  on 
the  two  following  pages,  the  one  above,  taken  on 
July  31,  1964,  by  Ranger  VII,  was  "the  first  high- 
resolution  look  at  the  surface  details  within  faint 
crater  rays,"  said  Harris  M.  Schurmeier,  former 
Ranger  Project  Manager,  Jet  Propulsion  Laboratory. 
"It  shows  an  area  about  12  miles  wide,  which  the 
International  Astronomical  Union  renamed  'Mare 
Cognitum'— 'Known  Sea'— as  a  result  of  this  mission. 
Ranger  VII   confirmed   that   there   were   lunar   areas 


topographically  acceptable  as  manned  landing  sites." 
Of  the  same  picture,  Gerard  P.  Kuiper,  Director, 
Limar  and  Planetary  Laboratory,  University  of  Ari- 
zona, noted:  "The  photograph  shows  several  clusters  of 
secondary  impact  craters,  found  to  be  bright  at  full 
Moon,  which  are  accompanied  by  short,  diffuse  ray 
elements.  Some  of  these  clusters  belong  to  Tycho's 
ray  system  [prominent  center  group]  and  some  to 
Copernicus'  [at  top,  lower  left,  and  lower  right]. 
Evidence  indicates  that  Copernicus  and  Tycho  were 
both  caused  by  impacts  of  comets  entering  the  plane- 
tary system  on  parabolic  orbits,  the  secondaries  seen 
on  the  picture  having  been  caused  by  associated  com- 
etary  debris.     This  photo,  in  addition,  shows  numer- 


46 


RANGER  VI 


ous  small,  shallow  collapse  depressions  in  the  mare 
floor.  Some  are  nearly  linear  along  well-known 
structural  directions. 

"Ranger  VII's  records,"  Kuiper  concluded,  "were 
the  first  to  close  the  gap  between  Earth-based  photog- 
raphy (best  resolution,  0.4  kilometer)  and  fine-struc- 
ture data  derived  indirectly  from  thermal,  radio,  and 
radar  observations.  The  overlapping  records  proved 
the  consistency  and  reliability  of  the  data." 

The  Ranger  VIII  photograph  above  shows  the 
sister  craters  Ritter  and  Sabine,  on  the  edge  of  Mare 
Tranquillitatis.  Raymond  L.  Heacock,  Chief,  Lunar 
and    Planetary    Instruments    Section.    Jet    Propulsion 


Laboratory,  recalled  that  "it  was  one  of  71.S7  photo- 
graphs that  Ranger  VIII  returned  before  impacting 
within  30  kilometers  of  its  target  in  Mare  Tran- 
quillitatis, on  February  20.  1965.  Taken  from  an  al- 
titude of  24.3.4  kilometers,  it  covers  approximately 
25  square  kilometers. 

"The  resolution,"  says  Heacock,  "is  about  10  times 
the  best  Earth-based  resolution,  thus  revealing  con- 
siderably greater  detail  than  ever  before  aboiu  the 
structure  of  the  Hypatia  Rilles  and  the  flat-bottomed 
craters  Ritter  and  Sabine.  While  the  rilles  appear 
to  be  similar  to  the  graben  found  on  Earth,  the 
cause  of  the  faulting  is  not  revealed.  Several  north- 
northwest  gouge  features  are  the  result  of  .secondary 
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impacts  of  ejecta  derived  from  the  crater  Theophilus. 
"Ranger  VIII  impacted  within  the  Apollo  landing 
zone  and  achieved  a  terminal  resolution  of  approxi- 
mately 1.5  meters." 

Harold  C.  Urey,  Nobel  laureate  and  professor  at 
the  University  of  California,  San  Diego,  said  of  the 
Ranger  IX  photo  above:  "This  picture  shows  a  por- 
tion of  the  floor  and  crater  wall  of  Alphonsus.  The 
floor  is  covered  with  many  craters  of  various  sizes, 
some  sharp  and  hence  new,  others  less  distinct  and 
partly    filled    with    fragmented    material.     The    walls 


have  fewer  craters,  and  this  probably  means  that 
slumping  of  the  wall  has  filled  them.  Crevasses  are 
evident,  and  evidence  for  slumping  exists.  The 
larger  crater  near  the  top  is  undoubtedly  collisional 
in  origin.  Three  craters  are  surrounded  by  dark 
halos  and  were  produced  by  eruptions  from  the  lunar 
interior.  Exceptionally  bright,  sharp  peaks  can  be 
seen  on  certain  moimtain  tops.  Are  they  possibly 
metallic  objects  that  resist  particle  erosion?  The 
crater  floor  and  the  smooth  area  in  the  walls  at  the 
right  are  usually  assinned  to  be  lava.  Are  they  pos- 
sibly the  beds  of  temporary  lakes?" 
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Ranger  IX  pictures  were  seen  on  TV  in  the  U.S. 
and  Europe  as  received  "live  from  the  Moon." 

Concerning  Ranger  IX's  last  photograph  [shown 
above],  William  H.  Pickering,  Director,  Jet  Propul- 
sion Laboratory,  commented  that  "it  was  taken  one- 
quarter  second  before  impact,  at  V^-mile  altitude,  and 
shows  an  area  200  feet  from  top  to  bottom  and  240 
feet  from  left  to  right  on  the  floor  of  the  crater 
Alphonsus. 

"The  surface,"  Pickering  said,  "is  dominated  with 
impact  craters  with  very  few  positive  relief  features. 


The  low  Sun-elevation  angle  (10.4°) ,  combined  with 
the  surface  resolution,  would  have  permitted  positive 
detection  of  surface  blocks  on  the  order  of  0.2  to  0.3 
meter  in  diameter. 

"Ranger  IX,  which  yielded  5814  Moon-surface  pic- 
tures, provided  confirmation  of  the  dominant  role 
that  impact  cratering  has  had  in  establishing  the 
small-scale  topography  in  both  mare  and  large  high- 
land craters.  Luna  IX  and  Surveyor  I  provided  ad- 
ditional confirmation  of  this  process. 

"The  television  camera  that  took  this  picture  had 
a  focal   length  of  76  mm,  a  field   of  view  of  2.1°." 
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First  Soft  Landings  on  the  Moon 


"A  chill  and  friendless  thing,"  A.  C.  Benson  called 
the  Moon,  and  history's  first  on-the-spot  photographs 
of  its  bleak  surface  clearly  bore  him  out. 
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Early  in  1966,  a  Russian  space  probe,  Luna  IX, 
made  the  initial  soft  landing  there.  One  of  the  pic- 
tures that  its  TV  camera  took  and  transmitted  to 
Earth  is  shown  above. 


Luna  IX  landed  approximately  100  kilometers 
northeast  of  the  center  of  the  crater  Calaverius  on 
February  3,  1966.  The  next  day,  it  transmitted  its 
first  lunar  panorama,  part  of  which  appears  at  left. 
Of  this  picture,  Jack  Green,  of  Douglas  Advanced 
Research  Laboratory,  said: 

"The  photograph,  with  a  resolution  of  some  1.5  to 
2  mm  at  a  distance  of  1.5  meters,  shows:  (1)  no 
thick  dust;  (2)  both  rounded  and  angular  rock  frag- 
ments, either  concentrated  on  crater  rims  or  randomly 
distributed;  (3)  small  ridges  and  linear  open  frac- 
tures; (4)  numerous  small  craters,  some  with  inner 
slope  angles  of  over  40°;  and  (5)  a  generally  cellular- 
to-granular  surface  texture. 

"Not  only  did  Luna  IX  prove  the  lunar  surface 
strong  enough  to  support  astronauts  but  it  also 
showed  good  evidence  of  pitting  on  the  sides  and 
surfaces  of  rocks,  suggestive  of  vesiculation.  Luna 
IX  photography  weakened  exotic  cotton  candy  or 
whisker  theories  advocating  a  tenuous  lunar  surface, 
and,  in  my  opinion,  strengthened  more  conventional 
theories  of  volcanological  processes  being  responsible 
for  shaping  the  major  surface  features  of  the  Moon." 
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A  few  months  later,  in  June  1966,  the  U.S.  Sur- 
veyor I  soft-landed  on  the  Moon.  It  used  many  new 
elements,  including  throttleable  vernier  rockets,  sensi- 
tive velocity-  and  altitude-sensing  radars,  and  an  auto- 
matic, closed-loop  landing  system.  During  the  fol- 
lowing 6  weeks  it  transmitted  II  150  high-resolution 
pictures  back  to  Earth. 

Surveyor  I's  camera  system  had  a  variable  iris, 
changeable  filters,  and  a  rotating  mirror  assembly, 
which  allowed  the  camera  to  look  in  almost  any  di- 
rection and  take  pictures  under  various  lighting  con- 
ditions, in  either  black  and  white  or  in  color.  Video 
pictures  with  200-line  resolution  and  with  600-line 
resolution  were  possible;  the  first  with  a  quick-look 
mode  and  the  capability  of  transmission  with  a  low- 
gain  antenna;  the  second  for  use  with  the  directional 
antenna  and  the  high  data  rate. 

The  bright  lunar  vista  stretching  across  the  bottom 
of  the  facing  page  is  part  of  a  spherical  mosaic  pre- 
pared from  more  than  200  pictures  that  Surveyor  I's 
camera  took  on  June  13,  1966.  One  of  the  spacecraft's 
three  feet  protrudes  in  the  foreground. 

Eugene  M.  Shoemaker,  Chief,  Astrogeology  Branch, 
U.S.   Geological   Survey,   commented   on    the   scene: 

"It  shows  the  intricately  cratered  surface  of  the 
Oceanus  Procellarum.  It  is  a  gently  undulating  sur- 
face pockmarked  with  craters,  ranging  from  a  few 
centimeters  to  several  hundred  meters  in  diameter, 
and  littered  with  blocks  and  fragments,  ranging  from 
less  than  a  millimeter  to  more  than  a  meter  across. 
The  craters  and  the  fragmental  debris  were  probably 
formed  by  bombardment  of  the  lunar  surface  by  me- 
teoroids  and  by  pieces  of  the  Moon  itself,  hurled 
through  space  from  larger  craters. 

"The  pitted  appearance  of  the  lunar  surface 
[which  one  observer  has  likened  to  that  of  a  World 
War  I  battlefield]  is  enhanced  by  the  presence  of 
long  shadows,  extending  away  from  the  spacecraft's 
foot  and  the  more  prominent  blocks,  due  to  the  low 
angle  of  incidence  of  the  rays  of  the  evening  Sun." 

Surveyor  I's  TV  camera  had  a  zoom  lens  with  focal 
lengths  ranging  from  25  to  100  millimeters.  One  of 
its  most  effective  near-view  photos  is  reproduced 
at  right  above. 

Stephen  E.  Dwornik,  Surveyor  Program  Scientist, 
NASA,  reported:  "This  photograph  shows  a  12-  by 
18-inch  block  located  about  13  feet  from  the  camera. 
It  is  subangular  in  shape,  with  facets  slightly  rounded 
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at  the  edges  and  corners.  The  lighter  colored  part 
of  the  rock  is  the  more  resistant  to  erosion,  and 
therefore  distinctive.  Granularity  of  the  block  is 
not  evident,  but  it  shows  mottling.  Intersecting  frac- 
ture planes  resemble  cleavage  planes  produced  dur- 
ing static  flow  of  rock  under  high  shock  pressure. 
The  edges  of  the  fractures  also  exhibit  a  rounding. 
No  fracturing  or  crevicing  is  evident  in  the  lighter- 
colored  part  of  the  block. 

"The  block  lies  near  many  smaller  blocks," 
Dwornik  added,  "and  it  is  likely  that  all  the  blocks 
and  fragments  in  the  photograph  are  of  the  same 
origin.  Both  the  smaller  fragments  and  the  block 
itself  are  partly  submerged  by  the  younger,  finer  ma- 
terial composing  the  lunar  surface.  The  grain  size 
of  the  lunar  surface  material  cannot  be  determined 
because  it  is  below  the  resolution  of  the  camera." 
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Footprints  in  the  Lunar  Soil 


On  June  2,  1966,  some  6314  hours  after  being 
launched  from  Cape  Kennedy,  Surveyor  I  sat  its 
596-pound  weight  down  on  the  Moon  without  ap- 
parent difficulty.  It  had  landed  on  a  dark,  relatively 
smooth,  bare  surface  north  of  the  crater  Flamsteed, 
in  Oceanus  Procellarum.  The  geographic  coordi- 
nates of  the  site,  encircled  by  hills  and  low  moun- 
tains, were  2.41°  S,  43.34°  W. 

In  reference  to  the  mosaic  view  above,  A.  R. 
LuEDECKE,  then  Deputy  Director,  Jet  Propulsion  Lab- 
oratory, wrote,  "The  ridge  of  surface  material  pushed 
up  during  landing  by  the  outward  motion  of  the 
footpad,  12  inches  in  diameter,  is  well  outlined  by 
shadow,  for  the  Sun  was  approximately  10°  above 
the  horizon  when  the  pictures  in  the  mosaic  were 
taken.  The  contrast  in  texture  and  albedo  between 
the  undisturbed  surface  and  that  disturbed  by  the 
footpad  is  noticeable,  particularly  above  the  footpad. 
Both  of  these  features  indicate  that  the  lunar  surface 
material  at  the  Surveyor  I  site  is  not  hard  rock  but 
a  structure  disturbed  appreciably  when  subjected  to 


the  rather  low  loads  of  the  order  of  5  pounds  per 
square  inch. 

"This  photograph  is  a  mosaic  of  separate  frames 
[narrow-angle,  6°  field  of  view]  taken  by  the  Surveyor 
television  system.  Most  of  the  frames  were  digitized, 
processed  on  a  computer  to  correct  for  system-fre- 
quency response,  and  then  converted  back  to  image 
form."  It  was  a  technique  used  throughout  that  mis- 
sion and  the  Surveyor  missions  that  followed. 

"The  lunar  material  seen  in  the  picture  on  the  op- 
posite page  is  primarily  material  thrown  out  from 
beneath  a  Surveyor  I  footpad  during  landing,"  said 
Edward  N.  Shipley,  of  Bellcomm,  Inc.,  "although 
some  of  the  original  surface  layer,  which  is  lighter  in 
color,  is  visible.  The  darker  color  of  the  subsurface 
material  was  unexpected,  and  there  is  currently  no 
widely  accepted  explanation  for  it. 

"Geometrical  analysis,"  Shipley  continued,  "shows 
that  the  bottom  of  the  footpad's  depression  is  be- 
tween  1   and  2  inches  below  the  undisturbed  lunar 
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surface.  Additional  data  from  the  spacecraft  teleme- 
try give  the  magnitude  of  the  forces  exerted  on  the 
surface  during  landing.  The  size  of  the  depression, 
compared  with  the  magnitude  of  the  impact  forces, 
provides  a  quantitative  measurement  of  the  strength 


of  the  limar  surface  material.  From  this  informa- 
tion, further  analysis  has  shown  that  there  is  no 
danger  that  either  an  Apollo  spacecraft  landing  on 
the  Moon  or  an  astronaut  walking  on  it  would  sink 
hazardously  into  the  surface." 
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"This  remarkable  self-portrait  [above]  of  Surveyor 
I  is  one  of  144  pictures  taken  during  its  first  24  hours 
of  operation  on  the  Moon,"  said  W.  E.  Giberson, 
formerly  Surveyor  Project  Manager,  Jet  Propulsion 
Laboratory.  It  was  one  of  the  earliest  of  the  600- 
line  high-resolution  television  pictures  that  the  space- 


craft took.    Initial  photographs  were  made  in  the  sys- 
tem's 200-line  scanning  mode. 

"At  upper  left,"  continued  Giberson,  "is  footpad 
3  (12  inches  in  diameter) ,  attached  to  the  landing 
gear  and  shock  absorber.  Below  the  footpad  are  one 
of  the  spacecraft's  omnidirectional   antenna  booms. 
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its  helium  pressurization  tank    (14  inches  in  diame- 
ter) ,  and  the  tank's  valves,  regulator,   and   lines. 

"Details  as  small  as  a  fiftieth  of  an  inch  can  be  seen. 
Most  of  the  lunar  surface  particles  are  even  smaller." 

Surveyor  I  landed  on  the  Moon  at  a  vertical  ve- 
locity of  approximately  10  feet  per  second,  rebounded 
about  2Vi  inches,  then  came  to  rest.  Its  footpads, 
in  the  process,  slightly  disturbed  the  surface,  as  shown 
in  the  picture  at  top  left. 

"This  photograph  was  taken  on  June  13,  1966,  at 
19:45:35  GMT,"  wrote  Howard  H.  Haglund,  Sur- 
veyor Project  Manager,  Jet  Propulsion  Laboratory. 
"The  Sun  at  the  time  was  10°  above  the  western 
horizon.  The  view  is  of  the  outboard  edge  of  footpad 
2  of  Surveyor  I,  and  of  the  lunar  surface  material 
beyond  it. 

"The  arc  of  lighter-colored  material  nearest  the 
footpad  is  part  of  the  ridge  pushed  up  by  the  pad. 
It  shows  lumps,  or  'clods,'  up  to  an  inch  in  diameter, 
produced  by  the  pad  pressure  during  landing.  These 
are  apparently  made  up  of  fine  particles  (less  than 
one-fiftieth  inch  in  diameter) . 

"The  photograph  is  scientifically  interesting  in 
that  it  shows  that  the  lunar-surface  material  is  co- 


hesive.    Its  mechanical  properties  are  roughly  simi- 
lar to  those  of  damp  garden  soil." 

Describing  the  picture  at  top  right,  Thomas  Gold, 
Director,  Cornell  University's  Center  for  Radiophys- 
ics  and  Space  Research,  said:  "The  sharp  cut  in  the 
lunar  surface  material  directly  underneath  Surveyor 
I  was  caused  during  the  landing  by  a  thin  heat 
shield,  which  cut  into  the  soil  as  a  cookie  cutter 
would.  When  the  springing  of  Surveyor's  legs  re- 
stored the  spacecraft  to  its  normal  height,  the 
'cookie  cutter'  was  withdrawn. 

"The  picture  demonstrates,"  said  Gold,  "that  the 
material  is  fine  grained  and  cohesive  to  the  extent 
that  it  can  be  cut  and  leave  a  vertical  face.  Clumps 
thrown  out  at  impact  are  clearly  visible,  so  it  is  a 
crumbly,  crunchy  surface. 

"A  dry  material  in  vacuum  has  such  properties 
only  if  it  is  composed  of  particles  mostly  smaller  than 
0.01  millimeter.  A  coarser  aggregate,  like  sand,  would 
slide  and  leave  only  incline  slopes,  never  vertical  ones. 

"The  picture  strengthens  the  case  that  the  porous 
overlay  known  to  cover  most  of  the  Moon  consists  of 
cohesive,  fine  rock  dust,  and  not  either  sand  or  solid, 
bubbly  lava." 
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Surveyor  I  Takes 
a  Look  Around 


Surveyor  I's  camera  had  a  lens  of  variable  focal 
length  and  could  be  pointed  by  radio  command  from 
Earth.  This  allowed  scientists  to  choose  their  sub- 
ject and  the  most  suitable  light  and  lens  setting  for 
photographing  it.  Surveyor's  scanning  of  its  hori- 
zon, affording  man  his   first   look   around   the   land- 
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scape  of  another  world,  provided   the  views  on  this 
page  and  the  three  following  pages. 

"A  surface  born  in  violence!"  exclaimed  Ralph 
B.  Baldwin,  a  noted  astronomer,  referring  to  the 
lunar  scene  above.  "Prominently  displayed  on  this 
Surveyor  view  of  a  mare  is  a  small  crater,  perhaps 
3  meters  across,  dug  by  the  impact  of  a  small  meteor- 
ite. Scattered  essentially  at  random  over  the  surface 
are  numerous  rocks  ejected  from  other,  larger  craters. 

"In  the  distance,"  Baldwin  pointed  out,  "is  a 
strange  wall  of  rocks.  Study  shows  that  these  rocks 
lie,  in  part,  on  the  near  wall  of  a  crater  some  hun- 
dreds of  meters  in  diameter  and,  in  part,  in  a  sort 

SURVEYOR   I 


;  >»  • 


■nA^ 


^    - 


i^ 


■,^'-  .^ 


of  raylike  extension  of  the  crater  wall.  They  were 
thrown  out  when  the  crater  was  formed.  It  is  not 
known  whether  they  represent  true  subsurface,  stony 
materials,  or  are  pulverized  materials  consolidated  by 
the  shock  waves  from   the  violent   impact." 

A  telephoto  view  of  the  rocks  referred  to  is  shown 
above.  Benjamin  Milwitzky,  Surveyor  Program 
Manager,  NASA,  said  of  it,  "This  remarkable  photo 
shows  a  field  of  large  rocks  several  hundred  feet  from 
the  spacecraft.  They  range  from  about  3  to  6  feet 
in  diameter,  and  appear  to  have  been  excavated 
from  beneath  the  lunar  surface  and  hurled  outward 
by  the  impact  of  a  large  meteorite. 


"Ejecta  of  this  type  are  brighter  than  the  undis- 
turbed mare  surface,  and  may  contribute  to  the 
'rays,'  radiating  from  large  impact  craters,  seen 
through  Earth-based   telescopes. 

"The  fact  that  the  rocks  came  to  rest  on  the  sur- 
face," Milwitzky  continued,  "suggests  that  the  sur- 
face, at  least  in  this  area,  must  have  appreciable 
bearing  strength,  adequate  to  support  manned  space- 
craft. This  evidence  is  consistent  with  data  from 
Surveyor's  landing-gear  strain  gages  and  pictures  of 
its  footprints.  The  large  rocks,  on  the  other  hand, 
represent  a  significant  hazard,  which  the  astronauts 
will  have  to  avoid  by  carefully  maneuvering  their 
spacecraft  during  its  descent." 
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A  Far  Mountain, 
a  Near  Crater 

One  of  Surveyor  I's  most  interesting  telephoto  views 
[at  top]  was  of  a  mountain  range  about  16  miles 
northeast  of  the  spacecraft.  E.  C.  Morris,  of  the  U.S. 
Geological  Survey,  described  it  as  follows: 


"The  landing  site  was  within  a  large,  ancient  cra- 
ter, more  than  60  miles  in  diameter,  buried  by  mare 
material.  "The  mountain  range  shown  here  is  part 
of  the  rim  of  this  nearly  buried  crater.  The  highest 
peak  rises  more  than  1300  feet  above  the  lunar  surface, 
but  only  the  upper  600  feet  project  above  the  near 
horizon,  which  is  little  more  than  a  mile  away.  The 
observable  crest  of  the  range  extends  approximately 
3  miles  along  the  horizon." 
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The  mosaic  of  TV  pictures  below  forms  a  broad 
vista  of  the  rim  of  a  low  crater  several  hundred 
yards  distant   from   the   landing   site   of   Surveyor   I. 

Zdenek  Kopal,  of  the  University  of  Manchester,  in 
England,  made  the  following  points  about  it:  "What 
makes  this  photograph  unique  is  the  vantage  point 
from  which  it  was  taken.  The  crater,  one  of  hun- 
dreds of  thousands  of  this  type  on  the  Moon,  is  much 
akin   to  the  well-known   Meteor  Crater   in   Arizona; 


namely,  caused  by  the  impact  of  an  outside  mass. 
"However,  from  the  shape  of  the  ramparts  (and 
boulders  dispersed  around  them) ,  we  may  conjecture 
that  the  crater  itself  is  likely  to  be  of  secondary, 
rather  than  primary,  origin.  Also,  whereas  the  Me- 
teor Crater  is  probably  not  more  than  100  000  years 
old,  this  lunar  one  may  well  be  10  times  older.  So 
slow  are  the  grinding  processes  of  cosmic  obliteration 
on  the  Moon  I" 
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The  Long  Lunar  Night  Descends 


The  pictures  on  these  pages  were  taken  toward 
the  close  of  two  different  lunar  days  in  1966,  by 
Surveyor  I  (above) ,  in  mid- June,  and  by  Russia's 
Luna  XIII    (opposite),  the  day  after  Christmas. 

"As  the  Sun  approaches  the  lunar  horizon," 
George  H.  Sutton,  University  of  Hawaii,  said  of  the 
photos  above,  "lengthening  shadows  emphasize  the 
pockmarked  and  rubble-strewn  character  of  the  sur- 
face. Raised  rims  of  several  craters  and  angular  out- 
lines of  many  surface  fragments  stand  out  sharply. 
In  addition  to  giving  a  clear  impression  of  the  na- 
ture of  the  lunar  surface,  the  long  shadows  in  such 
pictures,  taken  at  low  Sun  angles,  can  be  measured 
to  determine  shapes  and  sizes  of  surface  irregidarities, 
obtaining  accurate  estimates  of  the  size  distribution 
of  fragments  and  the  shapes  of  craters." 

The  photographs  have  additional  value.  "Com- 
parison of  the  craters  in  them  with  craters  obtained 
in  Earth-bound  experiments  of  high-speed  impacts 
in    simulated    lunar    materials,"    Sutton    continued. 


"permits  estimation  of  the  mechanical  properties  of 
the   Moon's  surface." 

The  pair  of  Luna  XIII  photographs  shown  on  page 
()1  are  the  last  two  pictures  of  a  360°  panoramic  view 
of  the  Moon's  surface. 

"The  horizon  appears  to  slope  because  of  the  tilt 
of  the  television  camera,"  explained  John  A.  O'Keefe, 
Assistant  Chief.  Laboratory  for  Theoretical  Studies, 
Goddard  Space  Flight  Center,  NASA.  "In  the  lower 
left  and  center  of  the  top  picture  is  a  beam  that  was 
extended  from  the  spacecraft  to  implant  a  penetrom- 
eter, measuring  soil  resistance  to  penetration.  At 
left  center  in  the  bottom  picture  is  the  rounded  end 
of  one  of  the  'petals'  that  covered  Luna  XIII's  in- 
struments through   the   landing,  and   then   unfolded. 

"Note  the  change  in  the  texture  of  the  landscape 
about  3°  below  the  horizon,"  O'Keefe  added.  "This 
is  stated  to  be  the  rim  of  a  crater  in  which  Luna 
XIII  rests.  And  note  the  blocks  beyond,  toward  the 
horizon." 


60 


SURVEYOR   I 


LUNA  XIII 


61 


Self-Portraits  of  a  Star  Performer 


"Alone  on  a  desolate  plain  of  the  Moon's  Sea  of 
Storms  (Oceanus  Procellarum),  Surveyor  I  stands 
quietly,  its  job  well  done,"  wrote  Homer  E.  Newell, 
Associate  Administrator,  NASA,  in  describing  the 
photograph  above.  "Here  is  a  picture  of  its  own 
making.  Surveyor  casts  a  lengthening  shadow  as  the 
long  limar  day  nears  its  end. 

"The  mosaic  of  approximately  52  photographs 
shows  the  rough  texture  of  the  Moon's  cratered  and 
pitted  surface,  on  which  rocks  and  boulders  may  be 
seen  scattered  here  and  there.  Surface  temperatures, 
which  at  lunar  noon  had  risen  to  235°  F,  are  now 
falling  slowly,  a  mere  hint  of  the  approaching  plunge 
to  250°  below  zero  after  sunset." 

[One  shoidd  not  be  misled  by  the  sinusoidal  ap- 
pearance of  the  lunar  horizon  in   the  mosaic.     This 


occurred  because  Surveyor  I's  camera  was  tilted,  in 
order  to  observe  the  spacecraft's  feet  better.  Thus, 
when  the  camera  was  pointed  in  the  direction  of  the 
tilt,  the  horizon  appeared  higher  than  it  was.  When 
the  camera  was  pointed  in  the  opposite  direction,  it 
looked  slightly  upward  and  the  horizon  appeared 
lower.     In  reality,  the  vicinity  was  largely  flat.] 

Surveyor  I  survived  the  14  earthly  days  of  its  first 
lunar  night,  took  and  transmitted  10  388  pictures  dur- 
ing its  first  lunar  day,  812  the  second,  and  sent  its  last 
photograph  on  July  13,  1966,  as  the  Sun  was  setting 
on  the  Moon. 

"Because  of  battery  failure,"  Newell  continued, 
"presumably  caused  by  the  bitter  cold  of  the  lunar 
night.  Surveyor  I  can  no  longer  send  earthward  pic- 
tures of  its  lonely  vigil.     However,  with  solar  power, 
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its  radio  continued  to  function  during  each  lunar 
day  for  8  months  after  landing,  answering  simple 
questions  about  the  status  of  the  spacecraft. 

"Surveyor  I  stands  physically  on  the  Moon,  an  en- 
during monument  to  its  creators,  a  solitary  artifact 
of  men  who  live  on  another  body  of  the  solar  system, 
a  quarter  of  a  million  miles  away,  but  its  true  resting 
place  is  in  the  pages  of  history,  where  even  now  is 
being  inscribed  man's  conquest  of  space." 

"The  performance  of  Surveyor  I  met  or  exceeded 
expectations  in  all  areas,"  commented  Robert  J. 
Parks,  Assistant  Laboratory  Director  for  Lunar  and 
Planetary  Projects,  Jet  Propulsion  Laboratory.  "Af- 
ter its  successful  soft  landing,  a  planned  series  of 
200-line    pictures    was    transmitted,    using    an    omni- 


antenna.  The  high-gain  antenna  positioning  equip- 
ment was  then  exercised  for  the  first  time.  It  re- 
sponded immediately,  and  was  properly  positioned. 
The  switchover  to  the  600-line  mode  was  then  ac- 
complished. It  was  in  this  mode  that  the  many  high- 
quality  photographs  were  obtained. 

"In  the  600-line  mode,  during  the  first  lunar  day, 
nearly  complete  coverage  of  the  surrounding  area 
was  obtained  under  a  wide  variety  of  Sun-angle  and 
shadow  conditions. 

"Toward  the  end  of  the  first  lunar  day,"  Parks 
concluded,  "as  the  shadows  lengthened,  the  Surveyor 
camera  obtained  the  fascinating  silhouette  self-por- 
trait at  right  above.  This  picture  symbolizes  in  a 
very  dramatic  way  the  highly  successful  performance 
of  all  elements  of  the  mission." 
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After  the  Sun 
Went  Down 


"The  solar  corona  in  the  photograph  at  top  right 
was  observed  by  Surveyor  I,  16  minutes  after  sunset 
on  the  Moon  on  June  14,  1966,"  remarked  Gordon 
Newkirk,  of  the  High  Altitude  Observatory.  "A 
bright  coronal  streamer  is  visible  as  a  thin  pencil  of 
light  extending  out  of  the  brighter  inner  corona, 
against  which  the  lunar  horizon  is  silhouetted.  Hala- 
tion in  the  optical  system  produces  an  apparent 
depression  of  the  horizon  immediately  below  the 
brightest  portion  of  the  corona.  The  faint  disk  in 
the  upper-right  corner  and  the  bar  extending  to 
the  lower-right  corner  are  the  omnidirectional  an- 
tenna and  its  support  structure,  visible  in  the  light  of 
earthshine. 

"This  photograph  demonstrated  the  feasibility  of 
making  observations  of  the  solar  corona  from  lunar- 
based  observatories.  With  little  or  no  modification, 
the  Surveyor  cameras  can  investigate  the  outer  corona 
and  inner  zodiacal  light,  which  are  inaccessible 
to  groimd-based  observatories. 

"The  fact  that  the  corona  is  visible  after  sunset 
demonstrates  that  little  or  no  residual  atmosphere 
exists  on  the  Moon.  Detailed  photometric  compari- 
son of  these  Surveyor  observations  with  those  made 
on  the  ground  the  same  day  will  allow  an  exact  upper 
limit  of  such  a  residual  limar  atmosphere  to  be  estab- 
lished." 

In  reference  to  the  photograph  at  bottom  right, 
Leonard  D.  Jaffe,  Surveyor  Project  Scientist,  Jet 
Propulsion  Laboratory,  said,  "This  photograph  was 
made  during  the  lunar  night,  using  light  provided  by 
the  Earth.  It  shows  a  footpad  and  adjacent  parts  of 
Surveyor  I  against  the  darker  background  of  the  lunar 
surface.  The  indentation  made  by  the  footpad  in 
the  surface  is  also  visible. 

"As  evidenced  by  this  picture,  it  is  possible  to  get 
useful  photographs  on  the  Moon  at  night,  using 
earth,shine  for  illumination.  The  surface  is  bright 
enough  for  human  vision. 

"The  bright  spot  at  the  left,"  added  Jaffe,  "is  a 
reflection  of  the  Earth  in  the  optical  system.  The 
small  circular  dish  with  radial  stripes  is  a  calibrated 
photometric   target   moimted    on    the   spacecraft    leg. 


It  permits  accurate  determination  of  the  light  inten- 
sity and  surface  brightness. 

"This  photograph  was  taken  by  Surveyor  I's  tele- 
vision system  on  June  14,  1966,  at  16:35  Greenwich 
mean  time.  The  iris  aperture  (which  provided  nom- 
inal focal  ratios  ranging  from  f/4  to  f/22)  was  f/4. 
The  exposure  time  (150  milliseconds  in  the  normal 
mode)    was  4  minutes." 
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Hop,  Skip,  and  Jump 

Surveyor  111  bounced  three  times  on  landing,  April 
20,  1967,  and  slid  down  one  steep  wall  of  a  crater.  The 
multiple  landings  arose  from  a  failure  of  its  vernier  en- 
gines to  shut  off  as  programed.  The  mosaic  above 
shows  the  surface  disturbances  made  by  its  three  legs 
(1,  2,  3)  and  one  of  the  thrusting  vernier  rocket 
engines  (V)  at  the  end  of  the  first  bounce.  Footpad 
2  hit  the  surface  first,  followed  by  1  and  3.  All 
three  rebounded,  but  2  hit  again  (2')  while  1  and  3 
were  still   in   the  air. 

"These  surface  disturbances,"  explained  Sidney  A. 


Batterson,  Dynamic  Loads  Division,  Langley  Re- 
search Center,  NASA,  "are  located  approximately  14 
meters  upslope  and  in  an  easterly  direction  from  the 
final  resting  place  of  the  spacecraft."  Impact  marks 
of  similar  shape  and  depth  were  observed  where  Sur- 
veyor 111  finally  came  to  a  halt  and  where  Surveyor  I 
landed. 

"Since  the  landing  sites  are  himdreds  of  kilometers 
apart,"  Batterson  concluded,  "and  since  Surveyor  I 
landed  on  a  relatively  flat  plane,  whereas  Surveyor 
III  landed  on  the  wail  of  a  crater,  the  similarity  in 
the  behavior  of  the  surface  material  at  both  sites  sug- 
gests that  the  material  is  quite  homogeneous  over 
very  large  areas  of  the  lunar  surface." 
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Putting  Man's  Hands 
on  the  Moon 


Surveyor  Ill's  television  camera  could  not  view  the 
lunar  surface  outside  the  crater  within  which  the 
spacecraft  had  landed,  but  the  sloping  walls  of  the 
crater  allowed  it  to  view  nearby  features  more  clearly 
than  would  have  been  possible  on  flat  terrain.  The 
spacecraft  took  6315  pictures  between  April  20  and 
May  3,   1967. 

This  Surveyor,  unlike  its  predecessors,  carried  a 
remotely  controlled  surface  sampler,  a  device  for  dig- 
ging and  otherwise  manipulating  the  surface  material 
in  the  view  of  the  television  camera.  The  sampler 
made  8  bearing  tests  and  14  impact  tests  on  the  lunar 
surface,  dug  4  trenches,  and  picked  up  3  objects. 
One  of  these,  a  small  rock  [see  opposite  page,  top 
right],  was  gripped  by  the  sampler's  scoop  with  a 
pressure  of  at  least  100  pounds  per  square  inch  with- 
out apparently  crushing  or  breaking  it. 

"Through  the  camera  eye  of  Surveyor  III,"  com- 
mented S.  C.  Shallon,  Chief  Surveyor  Program  Scien- 
tist, Hughes  Aircraft  Co.,  "we  see  at  top  right  a  lunar 
surface  capable  of  supporting  both  men  and  their 
spacecraft  in   future   exploration  of  the   Moon. 

"This  photograph  was  transmitted  from  the  Moon 
by  Surveyor  III  on  April  26,  1967.  The  circular 
impression  was  made  by  one  of  the  three  footpads 
on  the  last  bounce  of  a  three-bounce  landing.  The 
surface  impression  at  bottom  left  was  made  by  the 
'scooper,'  a  digging  device  shown  in  an  extended  po- 
sition here.  These  surface  impressions  appear  simi- 
lar to  those  that  might  be  made  in  damp,  fine- 
grained soil  on  Earth. 

"We  know,  of  course,  that  the  lunar  surface  can- 
not be  damp,  because  of  the  near-vacuum  conditions 
there.  But  the  results  of  the  scooper's  experiments, 
as  viewed  through  Surveyor  Ill's  camera,  together 
with  other  measurements  made  by  the  spacecraft, 
indicate  that  the  Moon's  surface  does  indeed  have  a 
consistency  similar  to  that  of  damp,  fine-grained  ter- 
restrial soil." 


"The  dark,  longitudinal  area  seen  in  the  photo- 
graph immediately  below,"  explained  Maurice  C. 
Clary,  Lunar  and  Planetary  Instruments  Section,  Jet 
Propulsion  Laboratory,  "is  a  furrow  in  the  lunar 
surface  that  resulted  from  a  single  trenching  opera- 
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tion  by  Surveyor  Ill's  soil-mechanics  surface  sampler. 
Some  of  the  lunar  fragments  along  the  length  of  the 
trench  resemble  terrestrial  rocks.  Further  manipu- 
lation of  the  surface  sampler,  which  included  closing 
its  scoop  door  on  one  of  these  objects,  proved  that 
most  of  the  fragments  were  aggregates  of  more  finely 
divided  particles,  similar  to  clods.  That  was  not 
true  of  all,  however,  as  the  photograph  at  top  right 
on  this  page  reveals. 

"In  the  photograph,"  Clary  continued,  "the  major- 
ity of  the  lunar-surface  material  displaced  during  for- 
mation of  the  trench  appears  at  the  left.  This  is 
due  to  the  slope  of  Surveyor  Ill's  landing  site." 

"The  area  [1  by  2  inches]  where  Surveyor  Ill's 
surface-sampler  scoop  contacted  the  Moon's  soil  was 
slightly  depressed,  and  some  of  the  adjacent  soil  was 
cracked  and  slightly  lifted,"  said  Elmer  M.  Christen- 
SEN,  of  Jet  Propulsion  Laboratory,  in  regard  to  the 
photo  at  top  left.  "This  and  other  Surveyor  tests— 
surface-sampler  operations,  landing  imprints,  landing 
loads,  vernier-engine  firings,  attitude-control  jet  fir- 
ings, and  deposition  of  small  amounts  of  soil  on  the 
spacecraft— have  revealed  the  lunar  soil  to  be  fine 
grained,  granular,  and  slightly  cohesive,  with  greater 
strength  and  density  6  inches  below  the  top  surface. 


"At  the  Surveyor  landing  sites,"  Christensen  de- 
clared, "the  soil  is  amazingly  imiform,  much  more  so 
than  at  terrestrial  areas  so  widely  separated.  Be- 
cause of  programs  like  Surveyor,  man  will  explore 
the  Moon,  walking  and  driving  his  machines,  with 
significantly  fewer  restrictions  than  on  Earth." 

"During  bearing-test  operations  on  May  1,  1967," 
recounted  F.  I.  Roberson,  Lunar  and  Planetary 
Sciences,  Jet  Propulsion  Laboratory,  "an  object  that 
appeared  brighter  than  the  surroimding  surface  was 
observed.  A  careful  scraping  action  by  the  surface 
sampler  dislodged  the  partially  buried  fragment.  By 
alternately  taking  television  frames  and  commanding 
the  sampler,  we  brought  the  scoop  slowly  into  po- 
sition and  closed  the  scoop  door  on  the  object.  The 
result,  shown  at  top  right,  was  this  photo  of  a  lunar 
rock  being  picked  up  in  the  edge  of  the  scoop's  jaw. 

"The  soil-mechanics  surface-sampler  experiment, 
including  picking  up  this  rock,  marked  the  first  time 
in  history  that  man  has  manipulated  by  remote  con- 
trol the  surface  of  a  celestial  body  other  than  Earth. 

"This  rock  test  also  provided  the  first  conclusive 
evidence  that  objects  observed  on  the  Moon  through 
Surveyor's  TV  camera  that  looked  like  rocks  were 
indeed  rocks,   and  not   clumps  of  dirt." 
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Relating  Surveyor  III  to  Its  Surroundings 


"The  value  of  the  data  transmitted  by  the  various 
successfully  landed  Surveyor  spacecraft  is  consider- 
ably augmented,"  declares  Ewen  A.  Whitaker,  Lunar 
and  Planetary  Laboratory,  University  of  Arizona, 
"when  actual  locations  of  these  craft  can  be  found 
on  Orbiter  photographs  of  their  respective  landing 
areas. 

"Such  pinpointing  permits  (1)  precise  control  of 
distances  in  the  Sinveyor  panoramas,  with  consequent 
accurate  estimates  of  the  dimensions  of  craters,  rocks, 
etc.;  (2)  extrapolation  of  small-scale  surface  struc- 
ture to  other  areas  of  similar  appearance  in  Orbiter 
photographs;  and  (3)  an  independent  check  on 
landed-|3osition  coordinates  determined  from  track- 
ing data. 

"The  chosen  landing  point  for  Surveyor  III  was 
43°  W,  3°  S.  situated  in  a  telescopically  smooth 
mare   area   southeast    of    the   crater    Lansberg.     This 


area  had  been  photographed  by  Orbiter  III  shortly 
beforehand.  An  inspection  of  the  Surveyor  pano- 
ramas showed  that  the  spacecraft  had  come  to  rest 
on  the  inner  eastern  slope  of  a  crater,  the  angle  of 
tilt  being  about  15°.  From  the  disposition  of  several 
small  craters  and  rocks  [marked  A,  B,  and  C  above], 
it  was  possible  to  draw  a  very  rough  plan  of  the 
neighborhood.  Comparison  of  this  plan  with  the 
Orbiter  III  photographs  eventually  allowed  the  pin- 
pointing of  the  Surveyor  III  location. 

"The  photograph  opposite  is  an  enlargement  of  an 
Orbiter  III  high-resolution  frame  of  the  Surveyor 
III  landing-point  neighborhood  [with  craters  A  and 
C,  and  rocks  B,  marked].  The  small  white  triangle 
represents  the  area  enclosed  by  the  spacecraft's  foot- 
pads, and  is  correctly  oriented.  The  rim  of  the  200- 
meter-diameter  'soft'  crater  defines  Surveyor's  hori- 
zon." 
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Surveyor  V 
Lands  and  Slides 


Surveyor  V,  first  of  its  spacecraft  family  to  obtain 
information  about  the  chemical  nature  of  the  Moon's 
surface,  landed  in  Mare  Tranquillitatis  on  September 
11,  1967.  The  50-picture  mosaic  of  its  landing  site 
[above]  is  described  in  this  way  by  R.  J.  Dankanyin, 


Manager,  Surveyor  Scientific  Payload  Systems,  Hughes 
Aircraft  Company: 

"The  spacecraft  is  on  a  20°  slope  in  a  crater  about 
11  meters  long,  9  meters  wide,  and  1.5  meters  deep. 
The    top    edge    of    the    crater    is    clearly    discernible 
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about  one-third  of  the  way  down  from  the  top  of 
the  picture.  The  camera  is  actually  about  one-half 
meter  above  the  edge  of  the  crater,  so  the  picture 
appears  as  though  one  were  standing  in  the  crater, 
looking  toward  and  over  the  far  side.  Most  of  the 
small  craters  nearby  are  a  few  meters  wide.  The 
lunar  horizon  is  about  a  kilometer  away." 

The  spacecraft  slid  about  3  feet  in  landing,  and 
the  photograph  its  camera  took  of  the  slide  mark 
[above]  yielded  useful  information.  Frank  B.  Sper- 
ling, of  Jet  Propulsion  Laboratory,  said  of  it: 

"The  outstanding  feature  in  this  picture  is  the 
surface  trench  formed  by  the  footpad  during  the 
landing  process.  The  footpad  first  impacted  just  to 
the  left  of  the  rock,  or  clump,  shown  near  the  right 
margin.  It  penetrated  the  surface  by  approximately 
4  inches  while  sliding  3  to  4  inches  downhill.  The 
spacecraft  then  rebounded  to  a  height  of  4  to  5 
inches,  still  moving  farther  downslope.  The  bright 
area  to  the  right  of  the  leg  marks  the  footpad's  reim- 
pact,  with  little  penetration  because  of  the  greatly 
reduced  impact  energy.  From  there  it  slid  to  its 
final  position. 

"Lunar  material  was  thrown  out  during  this  proc- 
ess, and  some  was  deposited  on  top  of  the  footpad. 
Also,  some  material  crumbled  from  the  walls  of  the 
first  footpad  imprint,  obscuring  its  flattened  bottom. 

"Scientifically  this  picture  is  significant  because  it 
facilitates  estimates  of  the  frirtional  forces  that  acted 
between   the  footpad  and   the   hmar  surface." 

SURVEYOR  V 


One  high-quality  Surveyor  V  photo  [below],  as 
J.\MEs  D.  Ci.oijn,  Assistant  Surveyor  Program  Man- 
ager, Hughes  Aircraft  Co.,  pointed  out,  shows  how 
"the  camera  was  used  for  visual  engineering  evalua- 
tion of  the  spacecraft's  condition  as  well  as  for  scien- 
tific purposes.  Visible  [upper  left]  is  part  of  the 
small  crater,  8  inches  in  diameter,  1  inch  deep,  formed 
when  the  vernier  engines  were  static  fired.  Also  vis- 
ible are  the  large,  spherical  helium  tank  [top],  the 
smaller  nitrogen  tank  [with  vertical  black  band], 
and  the  alpha-scattering  electronic  compartment  [far 
left]." 


Investigating  What  the  Moon  Is  Made  of 


"Surveyor  V  carried  an  instrument  to  determine 
the  principal  chemical  elements  of  the  lunar-surface 
material,"  explained  Anthony  Turkevich,  Enrico 
Fermi  Institute  and  Chemistry  Department,  Univer- 
sity of  Chicago.  "After  landing,  upon  command 
from  Earth,  the  instrument  was  lowered  by  a  nylon 
cord  to  the  surface  of  the  Moon  [left,  above].  The 
results  of  the  measurements  were  telemetered  back  to 
Earth. 

"Both  photographs  above  were  taken  by  Surveyor 
V's  television  camera.  The  right-hand  one  shows 
the  chemical  analyzer  slightly  displaced  by  the  re- 
starting of  the  spacecraft's  vernier  engines,  2  days 
after  landing.  The  displacement  enabled  it  to  ana- 
lyze a  second   sample  of  lunar-surface   material. 

"The  instrimient  under  discussion  is  a  cubical  box, 
approximately  6  inches  on  a  side,  sitting  on  a  12- 
inch  white  plate.  The  box  has  an  opening  in  the 
bottom  through  which  alpha  particles  from  the  radio- 
active element  curium,  provided  by  the  Argonne  Na- 
tional Laboratory  of  the  Atomic  Energy  Commission, 
are  directed  toward  the  limar  surface  underneath.     A 


few  of  these  alpha  particles  are  scattered  back;  some 
of  them  produce  protons  by  nuclear  reactions  in 
the  lunar  material.  From  the  number  and  energy 
of  the  scattered  alpha  particles  and  protons,  the 
chemical  composition  of  the  limar  surface  can  be 
deduced. 

"In  this  way,"  Turkevich  continued,  "it  was  de- 
termined that  the  most  abundant  elements  at  the 
mare  site  where  Surveyor  V  landed  were  oxygen, 
silicon,  and  aluminum,  in  decreasing  order.  This  is 
the  order  of  abundance  of  the  chemical  elements  on 
the  crust  of  the  Earth.  The  relative  amounts  of  the 
elements  resemble  those  in  terrestrial  basalts.  This 
similarity  suggests  that  the  lunar  material  on  the 
surface  of  the  mare  has  been  subjected  to  a  geo- 
chemical  process  of  differentiation  similar  to  that 
imdergone  by   the  material  of   the   Earth's  crust." 

Surveyor  V  was  carrying  a  magnet  on  footpad  2 
[top  left,  opposite  page]  when  it  slid  downslope  upon 
landing.  Jane  Negus  de  Wys,  of  Jet  Propulsion 
Laboratory,  commented  on  the  picture  as  follows: 
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"The  permanent  magnet  [500-gauss  strength]  is  at 
left  in  the  photo,  the  unmagnetized  control  bar  at 
right.  A  relatively  small  amount  of  iron  material 
is  seen  adhering  to  the  magnetic  pole  faces. 

"Laboratory  studies  of  impact  in  powders  of  dif- 
ferent rock  types  and  impact  in  powdered  basalt 
with  additions  of  powdered  iron  in  varying  amounts 
were  used  to  interpret  the  pictures  of  the  magnet 
that  landed  on  the  Moon.  The  closest  resemblance 
was  to  the  finely  powdered  basalt  with  no  addition 
of  powdered  iron.  This  was  in  agreement  with  the 
alpha-scattering  data.  Since  the  magnet  and  alpha- 
scattering  data  indicate  basalt,  the  lunar  surface  ma- 
terial in   this  area  is  of  volcanic  origin. 

"The  two  general  theories  of  lunar-crater  forma- 
tion are  (1)  meteoritic  bombardment  and  (2)  vol- 
canic or  gaseous   emission. 

"If  all  lunar  craters  and  pulverization  of  the  sur- 
face material  were  due  to  meteoritic  impact,"  Mrs. 
de  Wys  concluded,  "some  addition  of  magnetic  iron 
to  the  lunar-surface  material  would  be  expected. 
The  magnet  on  the  Moon  does  not  indicate  such  an 
addition.  Therefore,  the  extent  of  meteoritic  bom- 
bardment and  its  role  in  lunar-surface  morphology 
should  perhaps  be  reexamined  in  the  light  of  this  ev- 
idence." 


The  dark  semicircle  in  the  limar  surface,  located  in 
the  center  of  the  photograph  above,  is  a  small,  man- 
made  crater,  caused  by  a  brief  pulse  of  exhaust  from 
one  vernier  engine.  It  was  the  result  of  a  test  that 
Surveyor  performed  in  behalf  of  the  manned  lunar- 
landing  program.  Jame.s  H.  Turnock,  Apollo  Pro- 
gram, NASA,  wrote: 

"This  successful  experiment  was  performed  at  the 
request  of  the  Apollo  Program  to  determine  by  ex- 
trapolation what  the  effects  on  the  lunar  surface  will 
be  from  the  exhaust  of  the  lunar  module's  descent 
engine.  We  wondered  whether  large  clouds  of  dust 
would  be  raised,  which  would  impair  the  astronauts* 
visibility.  This  information  could  not  be  obtained 
during  a  Surveyor  landing,  since  the  engines  are  cut 
off  about   14  feet  above  the  surface. 

"Therefore,  on  September  13,  1967,  about  53  hours 
after  Surveyor  V's  landing,  its  engines  were  ignited 
and  allowed  to  burn  for  0.6  second.  The  resulting 
crater  formed  beneath  engine  3,  shown  here,  is  about 
8  inches  in  diameter  and  a  little  over  an  inch  deep. 
That  is  about  what  we  expected,  and  indicates  that 
the  engine-exhaust  effects  on  the  lunar  surface  should 
be  no  problem  for  Apollo.  This,  therefore,  repre- 
sents another  important  data  point  that  the  Surveyor 
Program  provided  for  Apollo." 
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Surveyor  VI  Checks  Out 
Another  Landing  Site  for  Apollo 


Surveyor  VI  landed  on  the  flat  surface  of  Sinus 
Medii,  at  1.40°  W,  0.49°  N,  on  November  10,  1967, 
at  01:01:05  GMT.  It  came  to  rest  near  a  mare 
ridge,  visible  in  the  lunar  vista  above. 

In  the  course  of  its  mission,  this  spacecraft  took 
more  than  30  000  photographs.  It  also  took  them 
from  two  slightly  differing  perspectives.  At  one 
point,  its  vernier  engines  were  restarted  and  it  was 
made  to  hop  8  feet.  It  then  took  fresh  measure- 
ments and  pictures  from  its  new  location  (opposite 
page) . 

Though  Surveyor  VI  and  its  three  successful  prede- 
cessors landed  at  hmar  locations  that  were  thousands 
of  kilometers  apart,  the  sites  chosen  for  them  to  in- 
vestigate proved  to  be  strikingly  alike,  and  promising 
for  manned  landings. 

"The  mosaic  at  the  top  of  this  page  is  the  first 
view  of  a  lunar  wrinkle  ridge  from  the  surface  of 
the  Moon,"  declared  John  B.  Adams,  of  Jet  Propul- 
sion Laboratory.     "Wrinkle  ridges  are  low,  sinuous 


features  on  the  maria  that  have  been  observed  for 
many  years  through  telescopes,  and,  more  recently, 
in  Lunar  Orbiter  photographs. 

"In  this  view  from  Surveyor  VI,  in  Sinus  Medii, 
the  ridge  extends  northeast  along  the  horizon.  Each 
frame  in  the  mosaic  covers  a  field  of  view  of  6°. 
Notable  features  are  the  gentle  slopes  along  the  ridge 
flank  facing  the  camera  and  the  abundance  of  rock 
blocks  on  the  ridge  relative  to  the  mare  material 
near  the  spacecraft  [foreground].  Blocks  up  to  1 
meter  in  diameter  are  prominent  around  the  two  sub- 
dued craters  on  the  ridge  [right  of  center]. 

"From  this  photo  and  others,"  said  Adams,  "it  is 
thought  that  craters  that  were  formed  on  the  ridge 
excavated  more  solid  rock  than  did  similar-sized  cra- 
ters in  the  flat  mare.  This  suggests  a  thinner  man- 
tle of  particulate  rock  on  the  ridge.  The  origin  of 
the  ridge  is  still  a  subject  of  debate,  although  wrinkle 
ridges  in  general  are  thought  to  have  formed  by  de- 
formation of  the  mare  material. 
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"The  terrain  photographed  by  Surveyor  VI  in 
Sinus  Medii  does  not  appear  to  be  excessively  hazard- 
ous for  landing  spacecraft.  Although  the  region  is 
highly  cratered,  most  slopes  are  gentle,  and  there  are 
few  rocks— compared,  for  example,  to  the  rock-strewn 
terrain  in  Oceanus  Procellarum  seen  by  Surveyor  I. 
Sinus  Medii  is  one  of  several  prime  sites  for  future 
manned  landings." 

After  having  been  commanded  to  hop  from  its 
original  landing  position.  Surveyor  VI  took  addi- 
tional pictures,  of  which  the  scene  above  is  one. 

"This  view  of  the  lunar  surface  to  the  southeast 
of  Surveyor  VI  was  taken  shortly  before  sunset,"  ex- 
plained Jack  N.  Lindsley,  of  the  Jet  Propulsion  Lab- 
oratory. "Long  shadows  cast  by  the  late-afternoon 
Sun  accentuate  the  irregularities  of  the  Moon's  surface 
in  the  Sinus  Medii  area.  Although  there  are  many 
craters  and  depressions,  which  appear  as  dark  areas 
because  they  are  filled  with  shadows,  due  to  the  low 
Sun   angle,    there    are   very   few   rocks   of   significant 


size.  The  shadow  that  appears  on  the  bottom  edge 
of  the  picture  about  2  inches  inward  from  the  lower- 
left  corner  is  caused  by  the  rim  of  a  depression  left 
by  one  of  the  spacecraft's  feet  when  it  first  landed. 

"The  nearest  area  shown  in  the  picture  is  about 
12  feet  from  the  camera,  and  the  horizon  is  about 
one-half  mile  distant.  A  large  crater  is  located  near 
the  horizon,  to  the  right  of  the  picture's  center. 

"The  picture  is  a  mosaic  made  from  20  individual 
wide-angle  pictures  taken  by  Surveyor  VI's  television 
camera,  and  covers  120°  of  the  panorama.  These 
20  pictures  are  part  of  a  series  of  120  pictures  taken 
to  provide  complete,  360°  coverage  of  all  the  view- 
able lunar  surface  and  of  the  spacecraft  structure 
as  well.  During  the  sequence  of  picture  taking,  pic- 
tures were  televised  from  the  Moon  to  Earth  at  the 
rate  of  one  about  every  5  seconds.  Each  picture  re- 
quired approximately  five  commands  to  be  radioed 
from  Eartii  to  the  spacecraft  in  order  to  position  the 
camera  and  snap  its  shutter." 
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Lessons  in  the 
Lunar  Soil 


"The  photograph  on  the  opposite  page  was  taken 
by  Surveyor  VI  on  November  17,  1967,  after  the 
first  liftofF-and-translation  maneuver  on  the  Moon," 
explained  Benjamin  Milwitzky,  Surveyor  Program 
Manager,  NASA.  [That  is  true  as  well  of  the  right- 
hand  panel  of  the  illustration  at  the  bottom  of  this 
page,]  "In  this  historic  operation,  the  spacecraft  was 
moved  to  a  new  location,  approximately  8  feet  from 
its  original  landing  point. 

"The  picture  shows  the  effects  of  the  vernier-rocket- 
engine  blast  on  the  double  imprint  previously  made 
in  the  lunar  surface  by  one  of  the  spacecraft's 
criishable  blocks  during  the  initial  touchdown.  Ma- 
terial has  been  excavated  from  the  imprints  and  de- 
posited over  a  broad  area  on  the  lunar  surface  in  a 


thin,  dark  coating  forming  a  sheet-and-ray  pattern. 
As  has  been  observed  in  all  Surveyor  missions,  the 
imderlying  lunar  material  is  appreciably  darker  than 
the  surface  material.  The  latter  appears  to  be  a  very 
thin  layer  whose  higher  reflectivity  may  residt  from 
liie  effects  of  solar  and  cosmic  radiation. 

"From  this  and  other  Surveyor  VI  photos,  it  ap- 
pears that  rocket  exhaust  gases  can  strongly  erode 
and  excavate  an  area  that  has  been  previously  dis- 
turbed, but  have  relatively  little  effect  on  the  un- 
disturbed lunar  surface.  These  observations  further 
reinforce  the  concept  that  the  lunar  surface  is  com- 
posed of  very  fine  particles  lightly  held  together  by 
vaciuim  cohesion  resulting  from  long  exposure  to 
tlie  near-perfect  void  of  outer  space," 
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The  pictures  at  left  were  taken  before  and  after 
the  vernier-engine  firing.  "Prior  to  the  hop,  the 
photometric  chart  on  the  end  of  omniantenna  B  was 
clean,"  wrote  Raoul  Choate,  Lunar  and  Planetary 
Sciences,  Jet  Propulsion  Laboratory.  "After  the 
hop,  the  chart  was  covered  with  a  coating  of  lunar 
soil  up  to  0.9  millimeter  thick.     Because  the  rest  of 


the  spacecraft  remained  relatively  clean  after  the  fir- 
ing, it  is  surmised  that  the  chart  was  hit  by  an  in- 
dividual soil  clump.  The  clump  was  probably  2  to 
3  inches  in  diameter. 

"This  photograph,  better  than  any  other  Sur\'eyor 
picture,  illustrates  the  ability  of  Iimar  soil  to  adhere 
to  vertical  and  near-vertical  faces." 
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Surveyor  VII  Examines  Tycho's  Highlands 


For  scientists  seeking  insight  into  the  Moon's  struc- 
ture and  history,  Surveyor  VII  obtained  the  pano- 
ramic picture  on  the  next  page  in  the  area  that 
is  shown  below  it  in  an  Orbiter  V  photograph. 

"The  Surveyor  Program,"  Robert  C.  Seamans,  Jr., 
then  NASA's  Deputy  Administrator,  wrote  at  its  con- 
chision.  "was  initiated  in  1960  before  a  national 
commitment  was  made  to  land  astronaius  on  the 
Moon  and  return  them  safely.  Hence  the  objective 
was  initially  to  land  spacecraft  on  the  Moon  in  order 
to  obtain  maximum  scientific  information  after  touch- 
down. The  Surveyor  operation  differed  from  Ranger, 
which  obtained  data  |)rior  to  impact,  antl  Orbiter, 
which  ])hoiographed  the  lunar  surface  while  orbiting 
the  Moon.  The  Surveyor  program  objectives  gradu- 
ally shifted  emphasis  as  the  ,A]joIlo  manned  limar- 
landing  |)rogram  became  more  firm.  The  designers 
of  the  A]jollo  lunar  lander  had  to  know  the  bearing 
strength  of  the  Moon's  sinface  in  order  to  establish 
requirements  for  impact  velocity  and  footpad  area. 
Many  other  questions  arose  that  could  only  be  an- 
sweied  by  landing  Surveyor  on  possible  Apollo  land- 
ing sites.  At  the  time  these  missions  were  planned, 
it  was  antici|)ated  that  the  entire  seven  Surveyor 
spacecraft  would  be  needed  to  investigate  several 
Apollo  sites.  Actually  foiu  successful  landings  of 
Sinveyor  were  achieved  with  the  first  six  sjiacecraft 
and  all  Apollo  requirements  were  then  satisfied.  It 
should  be  recognized  that  an  enormous  amoiuit  of 
valuable  scientific  information  was  obtained  from 
each  of  these  four  missions,  but  the  landing  locations 
were  restricted  to  the  nearly  equatorial  sites  achiev- 
able with  Apollo.  The  success  of  these  missions  per- 
mitted the  seventh  spacecraft  to  be  sent  to  a  location 
where  the  maximinn  additional  scientific  data  could 
be  obtained.  The  highlands  about  18  miles  north 
of  the  large  crater  Tycho  were  selected.  Many  thou- 
sands of  useful  photogra]ihs  of  the  Moon  weie  ob- 
laineil  b\  Surveyor  VII  television  cameras  from  this 
site.  ,\  selection  of  these  pictures  was  used  to  form 
the  |)aiioraiiiic  \  iew  of  the  liuiar  terrain  northcasi 
ot  the  spacecraft    (on  (he  toj)  of  the  facing  ])age)  . 

"In  ihis  illustriuioii  the  distance  from  Sur\evnr  to 
the   hori/on   \aries   from   liiil    to  hill,   hut    the   hot  i/on 


in  the  center  of  the  picture  is  about  8  miles  away. 
Near  the  horizon  a  series  of  ridges  and  hills  can  be 
seen  somewhat  similar  in  form  to  many  roimded  hills 
found  in  parts  of  the  eastern  United  States.  Just 
below  the  horizon  are  small  ravines  and  gullies  prob- 
ably formed  dining  the  flow  of  debris  at  the  time 
or  shortly  after  it  was  deposited.  In  the  foregroimd 
is  a  rocky  crater  which  lies  about  18  feet  from  Sur- 
veyor's camera.  The  crater,  about  5  feet  in  diameter, 
is  filled  with  rocks.  The  rock  on  the  near  rim  of  the 
crater  is  2  feet  across  and  casts  a  4-foot-long  shadow 
to  its  left.  The  photo  interpretation  was  made  by 
Dr.  Eugene  Shoemaker  of  the  U.S.  Geological  Survey, 
who  was  the  ]5rinci|ial  investigator  for  the  Surveyor 
television  experiment. 

"The  Surveyor  VII  mission  also  permitted  other 
than  photographic  data  to  be  obtained.  For  exam- 
|3le,  as  in  previous  missions,  an  alpha-backscatter  ex- 
perimental ]iackage  develojied  by  Dr.  Anthony  Turke- 
vich  of  the  University  of  Chicago  was  lowered  to  the 
lunar  siuface.  This  experiment  provided  data  on 
the  chemical  composition  of  the  hmar  surface." 

The  Orbiter  V  high-resolution  ]jhoto  (below  on 
the  facing  page)    shows  where  Surveyor  VII   landed. 

"This  region  was  chosen,"  explained  Abe  Silver- 
sTiiN,  Director,  Lewis  Research  Center.  NASA,  "be- 
cause it  is  believed  to  be  covered  by  material  ejected 
from  beneath  the  lunar  highlands  when  Tycho  was 
formed.  Because  of  the  roughness  of  the  ejecta 
blanket,  Surveyor  VII's  target  area  was  a  circle  only 
12.!  miles  in  diameter,  one-third  the  normal  size, 
in  order  to  ])rovide  a  reasonable  probability  for  a 
survivable  landing.  Roth  the  laiuich  vehicle  and  the 
s|)acecraft  ])erformecl  so  precisely  that,  after  a  single 
midcoiuse  maneuver.  Surveyor  VII  landed  less  than 
1 '-'2   miles  from  the  center  of  the  small   target  circle. 

"The  landing  ])oint  on  the  photo  was  deteiinined 
In  Dr.  Ewen  Whitaker  of  the  Universitv  of  Aiizona 
by  correlating  more  than  25  lunar-surface  features 
visible  in  both  Orbiter  V  and  Surveyor  VII  pictures. 

"This  is  another  good  illustration  of  the  manner 
in  which  the  Siirvcyoi  and  Orbiter  spacecraft  were 
used   in  combination  for  effective  lunar  exploration." 
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Spotting  Two 
Laser  Beams 
From  Earth 


Surveyor  VII,  launched  on  January  7,  1968,  at 
06:30  GMT,  successfully  landed  on  the  Moon  on  the 
Tycho  ejecta  blanket  on  January  10,  1968,  at  01:05 
GMT.  The  coordinates  of  the  landing  site  were 
40.89°  S  latitude  and  11.44°  W  longitude.  From  that 
position,  it  transmitted  21  274  television  pictures  dur- 
ing the  first  lunar-day  operations.  Its  camera  system 
also  spotted  laser  beams  aimed  toward  it  from  two 
observatories  on  Earth. 

The  Surveyor  photograph  of  the  partially  simlit 
Earth  [top  left],  is  described  by  C.  O.  Alley,  of  the 
University  of  Maryland:  "Surveyor  VII's  TV  camera 
detected  as  starlike  images  two  narrow  laser  beams 
sent  to  the  Moon  from,  respectively,  the  Kitt  Peak 
National  Observatory,  near  Tucson,  Ariz.,  and  the 
Table  Mountain  Observatory,  near  Los  Angeles. 

"The  blue-green  argon-ion  laser  beams  seen  within 
the  white  circle  on  the  photograph  each  contained 
only  aboiu  1  watt  of  power,"  Alley  explained,  "but 
appeared  somewhat  brighter  than  the  brightest  star, 
Sirius. 

"This  engineering  test  of  the  aiming  of  the  beams, 
a  few  miles  wide  at  the  Surveyor  site,  was  con- 
ceived and  coordinated  by  me  and  my  fellow-professor 
D.  G.  Currie,  of  the  University  of  Maryland's  De- 
partment of  Physics  and  Astronomy,  to  gain  experi- 
ence for  the  Apollo  laser-ranging  retroreflector  ex- 
periment, for  which  I  am  principal  investigator." 

"The  photograph  at  bottom  left  shows  the  detail 
of  the  center  part  of  a  rocky  crater  at  the  Surveyor 
VII  landing  site,"  reported  R.  H.  Steinbacher,  of 
[el  Pro])idsion  Laboratory.  "The  narrow-angle  pic- 
tiue  of  rocks  18  to  20  feet  from  the  spacecraft  has  a 
field  of  view  of  about  3  feet  diagonally  across  the 
|)ictiire.  Some  of  the  rocks  are  as  much  as  1  foot  in 
si/e.  The  blocky,  angular  appearance  of  the  rocks 
is  characteristic  of  what  is  believed  to  be  a  relatively 
new  crater.  Close  examination  of  these  rocks  and 
of  the  many  others  at  this  highland  landing  site  was 
a  main  scientific  objective  of  this  mission." 
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The  attention-commanding  photograph  at  the 
right  was  among  those  that  Surveyor  VII  took  of 
hmar  rocks  of  special  geological   interest. 

"This  remarkably  detailed,  narrow-angle  photo- 
graph of  a  cracked  lunar  rock  gave  us  our  first 
glimpse  of  fissure  cracks  in  the  blocky  material  of  the 
Moon's  surface,"  declared  Glenn  A.  Reiff,  Manager, 
Mariner  IV  and  V  Programs,  NASA.  "The  cracks 
in  view  here  are  about  one-fourth  inch  wide,  and 
were  doubtless  caused  in  place  by  expansion  and 
contraction  in  the  very  severe  temperature  extremes 
of   the  airless   Moon. 

"These  rocks,  approximately  6  inches  in  size,  are 
dense  and  fine-grained.  Differences  in  light  reflectivity 
on  their  surfaces  suggest  that  the  rocks  contain  at  least 
two  tyjses  of  minerals.  That  curious  image  in  the 
lower  left-hand  corner  is  a  reflection  from  part  of  the 
spacecraft  structure. 

"I'm  looking  forward  to  the  day,"  Reiff  continued, 
"when  we  can  obtain  photographs  of  such  excep- 
tional detail  as  this  from  the  surface  of  Mars  or  one 
of  the  other  planets.  However,  we  can't  anticipate 
obtaining  Martian  surface  detail  comparable  to  that 
of  Surveyor  VII's  pictures  of  the  Moon  until  such  time 
as  spacecraft  actually  land  on  the  surface  of  the  Red 
Planet. 

"What  we  can  look  forward  to,  though,  is  that  a 
number  of  the  principles  pioneered  by  Surveyor,  such 
as  guidance  and  landing  techniques,  can  be  used  in 
future  Mariners  for  exploring  Mars." 
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Recording  Details 
of  Lunar  Highlands 


"The  narrow-angle  picture  at  bottom  right,  taken 
by  Surveyor  VII's  television  camera,  shows  the  roll- 
ing lunar  terrain  northeast  of  the  landing  site," 
wrote  F.  N.  Schmidt,  of  Bellcomm,  Inc.  "Surveyor 
VII  landed  about  18  miles  north  of  the  large  crater 
Tycho,  the  most  prominent  of  all  lunar  craters  at 
full  Moon.  The  undulating  surface  is  part  of  a 
series  of  ridges  and  hills  that  are  a  characteristic 
feature  on  the  flanks  of  most  large  lunar  crater  rims. 
They  were  probably  formed  by  the  flow  of  debris 
ejected  by  the  meteor  impact  that  excavated  the 
crater." 
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Surveyor  VII 
Repairs  Itself  .  . 


"The  alpha-scattering  instrument's  sensor  head  is 
shown  on  the  left-hand  side  of  this  Surveyor  VII 
picture  [top  left],"  explained  C.  E.  Chandler,  Sur- 
veyor Project  engineer.  Jet  Propulsion  Laboratory. 
"Because  of  a  problem  in  the  mechanical  deployment 
mechanism,  the  sensor  head  did  not  drop  to  the 
surface  on  command  but  remained,  as  shown,  in  its 
background-count  position.  The  scoop  of  the  sur- 
face sampler,  shown  in  the  middle  of  the  photo- 
graph, was  then  manipulated  by  command  in  an 
attempt  to  nudge  the  head  and  free  the  deployment 
mechanism.  This  initial  effort  did  not  succeed,  but 
later  the  head  was  successfully  deployed  by  a  similar 
attempt,  and  the  alpha-scattering  instrument  ob- 
tained lunar-composition  data  from  a  total  of  three 
sites  close  to  the  spacecraft."  The  instrument,  in 
fact,  spent  a  total  of  43  hours  5  minutes  in  surface 
analysis:  12  hours  7  minutes  in  background  count. 

One  of  the  several  objectives  of  the  Surveyor  VII 
mission  was  to  manipulate  the  lunar  material  with 
the  surface  sampler  in  view  of  the  television  camera. 
Six  bearing-strength  tests  were  conducted  by  pressing 
the  bucket  of  the  surface  sampler  against  the  lunar 
surface  while  recording  drive-motor  currents.  Also, 
the  sampler  dug  several  trenches,  one  of  which  (bot- 
tom left)  was  approximately  16  inches  long  and  a 
little  more  than  6  inches  deep. 

In  commenting  on  that  photograph,  Ronald  F. 
Scott,  of  the  California  Institute  of  Technology, 
wrote:  "This  picture  shows  the  second  trench  dug 
by  Surveyor  VII's  surface  sampler.  The  scoop  of 
the  sampler,  with  its  serial  number,  can  be  seen  at 
the  bottom  of  the  picture,  after  completing  a  pass 
through  the  trench.  The  cohesive  nature  of  the 
kmar  soil  is  clearly  indicated  by  the  very  smooth 
vertical  wall  left  by  the  sampler  scoop. 

"The  sampling  device  was  designed  to  perform 
tests  such  as  this  on  the  lunar  surface  to  determine 
the  mechanical  properties  of  the  surface  material," 
Scott  continued.  "However,  Floyd  Roberson,  my 
JPL  colleague,  and  I,  who  operated  the  sampler, 
also  used  it  on  Surveyor  VII  to  move  the  sensor  head 
of  the  alpha-scattering  experiment  down  to  the  lunar 
surface.  Later,  we  used  it  to  move  the  head  [see 
facing  page]    to  different   positions  on   the  surface." 

Still  another  use  was  found  for  the  versatile  sampler. 
When  temperatures  in  the  sensor  head  rose  too  high, 
the  sampler  scoop  was  used  like  a  parasol,  shading  the 
instrument  from  the  Sun. 
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"The  3-inch  rock  at  left  center  in  the  picture  at 
top  right  was  the  second  of  three  samples  analyzed 
by  means  of  the  alpha-scattering  experiment  on  Sur- 
veyor VII,"  said  Ernest  J.  Franzgrote,  of  Jet  Pro- 
pulsion Laboratory.  "The  picture  was  taken  as  the 
surface-sampler  mechanism  [upper  right]  was  mov- 
ing the  alpha-scattering  instrument  to  its  third 
location,  a  plowed-up  area  at  the  right-hand  edge  of 
the  picture.  The  circular  impression  on  the  lunar 
surface  surrounding  the  rock  shows  the  resting  place 
of  the  bottom  of  the  instrument  during  the  analysis." 

Surveyor  data  have  shown  the  lunar  maria  to  be 
remarkably  uniform  in  their  physical  and  chemical 
properties.  Chemical  analysis  in  the  lunar  highlands, 
by  the  crater  Tycho,  differed  in  that  the  concentration 
of  iron  and  neighboring  heavy  elements  was  only 
about  half  that  found  in  the  maria.  This  deficit  may 
explain  the  higher  albedo  (greater  brightness)  of  the 
highlands.  It  also  suggests  that  the  highland  material 
may   be  of  somewhat   lower   density. 

"This  picture  at  bottom  right,  taken  by  Surveyor 
VII's  600-line  TV  camera,  consists  of  two  views  of 
the  lunar  surface,"  explained  D.  H.  Le  Croissette, 
Manager,  Surveyor  Instrument  Development,  Jet 
Propulsion  Laboratory.  "The  central  part  of  the 
picture  shows  the  surface  sampler  poised  above  the 
lunar  surface,  as  viewed  through  an  auxiliary  mirror 
placed  on  the  mast  of  the  spacecraft.  The  mirror 
was  3V2  by  9Vi  inches  in  size,  and  was  positioned  so 
that  a  stereo  view  of  a  portion  of  the  surface  could 
be  obtained  where  the  surface  sampler  could  reach. 

"In  this  picture,  the  sampler  had  already  con- 
ducted a  bearing  test  in  the  soil  and  had  started  to 
dig  a  trench.  The  rest  of  the  photograph  is  a  direct 
view  of  another  part  of  the  lunar  surface,  looking 
between  the  mirror  and  some  structural  members  of 
the  spacecraft.  The  rocks  shown  in  this  view  are 
about   1  foot  across." 

The  hard  work  of  Surveyor  VII's  long  lunar  day, 
on  which  the  Sun  set  on  January  22,  1968,  also 
mcluded  collecting  data  on  touchdown  dynamics, 
temperatures,  and  radar  reflectivity.  The  spacecraft 
obtained  data  on  touchdown  dynamics  by  means  of 
telemetry  from  strain  gages  mounted  on  its  landing 
legs;  radar-reflectivity  data  in  the  course  of  its  ter- 
minal descent;  and  thermal  data  from  onboard  sensors. 
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and  Photographs 
a  Hard  Day's  Work 


Man's  First  Look  at  Earth  From  the  Moon 


Describing  the  spectacular,  historic  view  above, 
Floyd  L.  Thompson,  then  Director,  Langley  Research 
Center,  wrote:  "At  16;35  GMT  on  August  23,  1966, 
the  versatile  nianmade  Lunar  Orbiter  spacecraft  re- 
sponded to  a  series  of  commands  sent  to  it  from 
Earth,  across  a  quarter-million  miles  of  space,  and 
made  this  over-theshoulder  view  of  its  home  planet 
from  a  vantage  ]3oint  730  miles  above  the  far  side 
of  the  Moon. 


"At  that  moment,  '  Thompson  continued,  "the  Sun 
was  setting  along  an  arc  extending  from  England 
[on  the  right]  to  Antarctica  [on  the  left].  Above 
that  line,  the  world,  with  the  east  coast  of  the 
United  States  at  the  top,  was  still  bathed  in  afternoon 
sunlight.  Below,  the  major  portion  of  the  .\frican 
Continent  and  the  Indian  Ocean  were  shrouded  in 
I  he  darkness  of  evening. 

"By    this    reversal    of    view]ioint,    we    here    on    the 
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and  an  Oblique  View  of  the  Moon  Itself 


Earth  have  been  ])iovided  a  sobering  glimpse  of  the 
spectacle  of  our  own  phmet  as  it  will  be  seen  by  a 
few  of  our  generation  in  their  pursuit  of  the  manned 
exploration  of  space.  We  have  achieved  ihe  ability 
to  contemplate  ourselves  from  afar  and  thus,  in  a 
measure,  actomplish  the  wish  ex]3ressed  by  Robert 
Burns:  'To  see  oursels  as  ithers  see  us!'  " 

Also   visible    in    dramatic    new    persjieciive    in    this 
phoiograjjh   is   the  singularly   bleak    lunar   landscape, 

O  R  B  I  T  F,  R    I 


lis  lortured  featines  e\ident!y  hanimcied  out  bv  a 
(osmic  bombardment  that  nia\  ha\e  extended  ()\er 
billions  of  years. 

Because  ihe  airless,  weatherless  Moon  a])pears  to 
preserve  its  sinlare  materials  so  well,  it  may  serve 
s(ien(e  as  an  illuminating  record  of  past  events  in 
the  solar  system.  Robkrt  [as i row.  Director,  (ioddard 
Institute  for  .S]3ace  Studies,  has  cdled  the  Moon  "(he 
Roseita  Stone  of  the  planets. " 
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Orbital  Tours 
Bring  Surprises 


Orbiter  missions  have  been  critically  important  in 
selecting  lunar  sites  most  suitable  for  astronaut 
landings.  They  have  also  provided  what  some  sci- 
entists have  called  a  "truly  staggering"  amount  of 
new  information  about  the  Moon's  surface. 

John  F.  McCauley,  U.S.  Geological  Survey,  wrote 
of  the  photo  at  the  right:  "This  fascinating  crater 
on  the  far  side  of  the  Moon  has  a  gently  domed 
floor,  crisscrossed  with  linear  depressions  [about  1 
kilometer  wide]  that  give  it  the  appearance  of  a 
turtle's  back.  Similar,  crudely  polygonal  fracture 
patterns  occur  on  Earth  in  domes  formed  by  upward 
movement   of  plastic  or  liquid   material. 

"The  doming  of  the  floor  of  this  crater  could  be 
the  product  of  local  magmatic  activity  or  of  slow 
isostatic  rebound.  Both  alternatives  point  to  proba- 
ble activity  of  internal  origin  in  the  lunar  crust." 

Regarding  the  photo  below,  Donald  E.  Gault, 
Ames  Research  Center,  declared:  "Here  is  a  graphic 
example  on  a  colossal  scale  of  one  of  the  basic 
processes  active  on  the  lunar  surface.  Of  these  two 
unnamed  craters  on  the  far  side  of  the  Moon,  the 
smaller,    45    kilometers    in    diameter,    is    the    older. 


since  its  northwest  rim  has  collapsed  and  been  dis- 
placed violently  inward  by  the  formation  of  the 
larger  crater  [55  kilometers  in  diameter].  This  in- 
ward avalanche  of  rocky  debris  from  the  collapsed 
rim,  together  with  ejecta  spewed  out  along  ballistic 
trajectories  from  the  larger  crater,  has  partially  filled 
and  obliterated  the  smaller  structure.  Thus,  the 
mechanism  by  which  impact  craters  are  produced  is 
an  equally  efficient  agent  for  destroying  craters,  and 
impact  scars  do  not  necessarily  provide  a  complete 
record  of  cratering  events." 

"From  the  best  Earth-based  telescopic  photographs 
of  the  Moon,  we  selected  eight  areas  across  the 
Equator  that  appeared  to  be  sufficiently  free  of 
craters  to  permit  the  astronauts  to  land  safely,"  ex- 
plained Urner  LiDDEL,  of  NASA.  "When  Lunar 
Orbiter  1  began  photographing  these  areas,  with  be- 
tween 100  and  1000  times  the  clarity  of  telescopic 
pictures  from  Earth,  its  high-resolution  camera  did  not 
work  dependably.  Most  of  its  pictures,  therefore,  were 
of  medium  resolution,  like  the  one  on  the  opposite 
page.  Even  these,  however,  revealed  that  lunar-mare 
areas  that  looked  smooth  from  Earth  were  actually 
covered  with  small  craters." 
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Orbiter  II  Takes  the  "Picture  of  the  Year'" 


The  breathtaking  Uinar  landscape  displayed  on 
the  opposite  page  was  one  of  Orbiter  II's  grandest 
photographic  achievements.  [Compare  it  with  one 
of  the  best  pictures  of  the  same  scene  that  Earth  can 
offer  (right)  ,  made  with  the  61-inch  telescope  of 
the  Lunar  and  Planetary  Laboratory,  University  of 
Arizona.] 

"On  first  seeing  this  oblique  view  of  the  crater 
Copernicus,"  declared  Oran  W.  Nicks.  Deputy  As- 
sociate Administrator,  Office  of  Space  Science  and 
Applications,  NASA,  "I  was  awed  by  the  sudden 
realization  that  this  prominent  lunar  feature  I  have 
often  viewed  by  telescope  is  a  landscape  of  real 
moimtains  and  valleys,  obviously  fashioned  by  tre- 
mendous forces  of  nature.  It  is  no  wonder  that 
some  writers  immediately  classified  it  as  the  'Picture 
of  the  Year'!  [Some,  with  understandable  enthusi- 
asm, even  hailed  it  as  the  'Picture  of  the  Century.'] 

"Lunar  Orbiter  II  recorded  this  image  at  7:05  p.m. 
e.s.t.  on  November  28,  1966,  from  28.4  miles  above 
the  Moon's  smface,  and  about  150  miles  due  south 
of  Copernicus.  The  clarity  of  the  view  is  attributa- 
ble to  the  absence  of  atmosphere.  A  photograph 
from  similar  altitudes  of  distant  features  on  Earth 
would  never  be  as  sharp,  because  of  haze. 

"Copernicus  is  about  60  miles  across  and  2  miles 
deep;  3000-foot  cliffs,  apparently  landslide  scarps, 
can  be  seen.  Peaks  near  the  center  of  the  crater 
form  a  small  mountain  range,  about  1500-2000  feet 
high  and  10  miles  long. 

"The  Lunar  Orbiter  photography  was  accom- 
plished with  two  cameras,"  Nicks  explained,  "one 
having  a  3-inch  focal  length  and  the  other  a  2-1- 
inch  focal  length.  These  cameras  were  boresighted, 
so  that  each  high-resoliuion  photo  was  always  con- 
tained in  a  moderate-resolution  frame.  Lunar  Or- 
biter cameras  were  relatively  conventional  filni  cam- 
eras that  combined  a  Bimat  chemical  development 
process  with  an  electronic  scaiming  readout  for 
transmission  by  radio  to  Earth.  The  film  images  pro- 
vided a  very  effective  method  of  storing  information 
for  transmission  bit  by  bit,  at  a  modest  rate." 


"The  telescopic  view  of  Copernicus  shown  above 
is  one  of  the  finest  photogra])hs  ever  taken  of  this 
region  from  the  Earth,  and  shows  featmes  as  small 
as  2500  feet  across,"  said  Wh.i.iam  E.  Brunk,  Plane- 
tary .Astronomy  Chief,  Lunar  and  Planetary  Pro- 
grams Directorate,  NAS,\.  "It  is  not  possible  to 
])hotogra|jh  smaller  features  because  of  the  turbu- 
lence in  the  Earth's  atmosphere. 

"The  crater  Ciopernicus,  a  ])romineni  feaiine  on 
the  lunar  landscape,  is  believed  to  have  residted 
from  an  iiii])act  of  a  second  body  with  the  Moon," 
Brunk      continued.     "The      'keyhole'-shaped      crater. 
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Faiith,  is  seen  at  the  bottom  of  the  photograph:  the 
Carpathian  Mountains  at  the  top.  Characteristics  of 
the  landscape  are  clearly  shown  by  the  shadows  pro- 
duced by  the  rising  Sun,  whose  elevation  was  ap- 
proximately   10  degrees  above   the  horizon.     Numer- 


ous mounds  are  visible  on   the   floor  of  Copernicus, 
in  atUliiion  to  the  central  peaks." 

The  reader  will  find  it  interesting  at  this  point  to 
compare  the  ]3ictures  shown  here  with  Orbiter  V's 
vertical  views  of  Copernicus  on  pages   116-117. 
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Ancient  Lava  Flows 
and  a  Rock  Field 


Evidence  of  apparent  volcanic  activity  in  the 
Moon's  past  is  seen  in  the  top  j^hoto  here.  Clifford 
H.  Nelson,  Lunar  Orbiter  Project  Manager,  Langley 
Research  Center,  NASA,  described  this  view: 

"This  magnificent  northerly  oblique  photo  from 
Lunar  Orbiter  II  brings  to  view  the  Marius  Hills 
region  shortly  after  lunar  sunrise.  The  picture  was 
taken  on  the  last  day  of  Lunar  Orbiter  II  photogra- 
phy, November  25,  1966,  with  image-motion  com- 
pensation turned  off. 

"The  slow  curvature  of  the  horizon  is  250  miles 
from  Orbiter's  wide-angle  (40°)  camera.  The  crater 
Marius,  at  50.7°  W,  12°  N,  is  about  25  miles  in  di- 
ameter and  1  mile  deep.    Its  floor  is  surprisingly  level. 

"The  central  portion  of  this  scene  is  dominated 
by  a  spectacular  array  of  dome  structures.  These 
domes  are  up  to  10  miles  in  diameter  and  as  much 
as  1500  feet  high.  Many  features  are  similar  in  ap- 
pearance to  volcanic  domes  in  northern  California 
and  Oregon.  They  are  interpreted  to  be  the  result 
of  upward  movement  of  magma  that  has  warped  the 
overlying  rock  and  in  some  cases  spilled  out  on  the 
surface  as  lava. 

"The  irregular  lines  of  hills  that  cross  this  lunar 
scene  diagonally  appear  as  wavelets  washing  across 
shallow  beach  areas  on  Earth.  These  hills  have  ap- 
parently been  formed  from  lava  flowing  out  through 
cracks  in  the  Moon's  crust." 

Some  of  the  largest  rocks  seen  in  early  lunar  mis- 
sions are  visible  in  the  Orbiter  II  photograph  on  the 
opposite   page. 

"This  rock-strewn  area,"  explained  Fred  A.  Zihl- 
MAN,  Lunar  and  Planetary  Programs,  NASA,  "is  situ- 
ated in  the  southeastern  part  of  Mare  Tranquillitatis. 
Some  of  the  larger  rocks  are  about  30  feet  across.  This 
photograph,  covering  an  area  1200  by  1500  feet,  is 
enlarged  five  times  from  the  original  filmstrips. 

"The  photograph  is  interesting  because  of  the 
relatively  large  size  of  the  rocks  shown  and  because 
of  the  circular  distribution  of  rocks  in  the  center  of 
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the  picture.  Some  lunar  scientists  suggest  that  the 
rocks  were  broken  and  excavated  from  subsurface 
layers  by  meteoric  impacts,  and  that  in  this  area, 
which  is  part  of  a  ridge,  finer  ejecta  material  has 
been  gradually  removed  by  some  'mass-wasting'  pro- 
cess that  uncovered  the  rocks  in  the  process  of  filling 
the  impact  craters. 

"Distributions  of  rocks  were  also  photographed  by 
Surveyors  I  and  III  in  the  region  of  Oceanus  Procel- 
larum.  Surveyor  I  pictures  show  a  fairly  large 
number  of  blocks  on  the  horizon,  the  coarser  ones 
about  3  feet  across.  At  the  Surveyor  III  landing  site, 
the  coarsest  blocks,  scattered  mainly  in  two  distinct 
strewn  fields,  range  in  size  from  a  few  inches  to 
approximately  6  feet  across.  The  rocks  shown  here, 
considerably  larger  than  those  photographed  by  Sur- 
veyors I  and  III,  may  have  been  raised  by  larger 
meteoric  impacts  and  from  greater  depths." 
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Orbiters  Help  Find  a  Place  for  Men  To  Land 
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"We  naturally  began  our  selection  of  potential 
Apollo  landing  sites  by  examining  Earth-based  data," 
said  Arthur  T.  Strickland,  Cartography  Chief, 
Lunar  and  Planetary  Programs,  NASA,  "and  choos- 
ing generally  smooth-looking  lunar  areas,  ostensibly 
devoid  of  craters,  as  the  most  promising.  The  smooth 
area  outlined  by  a  black  rectangle  on  a  small  portion 
of  the  best  available  topographic  chart  of  the  Moon 
[at  left]  is  one  area  we  originally  picked.  This  site, 
approximately  20  miles  long  and  11  miles  wide,  is 
in  the  northeastern  section  of  the  central  highlands, 
slightly  south  of  the  Rima  Ariadaeus  and  west  of 
Mare  Tranquillitatis. 
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"Detailed  photographic  examination  of  this  area 
by  Lunar  Orbiter  II's  camera,  as  shown  at  the  top 
of  the  preceding  page,  demonstrated  to  us  how  in- 
adequate Earth-based  instruments  and  methods  are 
to  define  the  lunar  terrain  for  a  Lunar  Module's 
landing." 

"When  Limar  Orbiter  II  took  that  high-resolution 
photograph  of  the  site,"  commented  Samuel  C. 
Phillips,  Apollo  Program  Director,  "the  terrain  was 
revealed  to  be  extremely  rough  and  obviously  un- 
suitable for  an  early  manned  landing  attempt. 

"We  were  delighted,  however,  to  find  many  areas 


similar  to  the  one  marked  with  a  white  ellipse  above, 
which  are  smoother  and  will  no  doubt  yield  accept- 
able sites  for  manned  landings.  The  area  above, 
shown  in  high-resolution  photography  obtained  from 
Limar  Orbiter  III,  is  one  of  the  likeliest  candidates 
from  which  the  initial  Apollo  landing  site  will  be 
selected.  The  ellipse  [a  shape  dictated  by  the  nature 
of  the  Lunar  Module's  landing  approach]  covers  ap- 
proximately 5  miles  by  3*4  miles.  It  is  located  in 
southeast  Oceanus  Procellarum,  at  3^30'  S  and 
36°25'W.  Its  selection  was  based  on  considerations 
of  topogiaphy,  surface  bearing  strength,  and  flight 
operations." 
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The  Spot  Where 
Ranger  VIII  Crashed 


"In  November  1966,  Lunar  Orbiter  II  took  this 
high-resolution  photograph  of  the  area  on  the  west- 
ern edge  of  Mare  Tranqiiillitatis  where  Ranger 
VIII  had  impacted  on  February  20,  1965,"  explained 


Newton  W.  Cunningham,  former  Ranger  Program 
Manager,  NASA.  Ranger  VIII  had  photographed 
parts  of  this  area,  and  in  this  pictine  the  mark  it  left 
on  the  Moon  was  found. 

"Ranger  VIII  had  not  been  able  to  photograph 
its  impact  point  because  the  optical  axis  of  its  cam- 
eras was  not  alined  with  the  trajectorv  of  the  incom- 
ing spacecraft.  However,  framed  regions  represent- 
ing the  last  areas  ])hotographed  by  Ranger  VIII's 
'.\.'   'B,'  and  'P'  cameras  were  su])erimposed  on   the 
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Lunar  Orbiter  II  picture,  as  has  been  done  here.  By 
plotting  the  resuhant  camera  trace,  it  was  then  j)os- 
sible  to  determine  Ranger  VIII's  trajectory  trace  on 
the  surface  of  the  Moon. 

"A  lO-x  enlargement  [shown  above]  was  next 
made  of  two  framelets  of  Lunar  Orbiter  II's  photo 
[each  covering  200  meters  of  surface]. 

"On  this  enlargement,"  Mr.  Cunningham  contin- 
ued, "the  extended  plot  of  Ranger  VIII's  trajectory 
crossed  from  lower  left  to  upper  right,  passing  near 


the  two  craters  CI  and  C2.  On  the  basis  of  Ranger 
VIII's  mass  of  800  pounds,  its  impact  velocity  of 
2.65.^  km  sec.  and  the  computed  angle  of  approach 
from  the  local  horizontal  (41°).  it  was  concluded 
that  CI  coidd  be  the  crater  made  by  Ranger  VIII's 
impact.  Additional  sup])ort  for  this  conclusion 
comes  from  the  bright  halo  of  new  material  thrown 
up  from  the  surface  and  the  generallv  clli|)tical 
shape  of  CI.  pointing  along  the  direction  of  Ranger 
VIII's  flight." 
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Orbiter  III  Locates  Surveyor  I 


"These  photographs  of  Surveyor  I's  landing  area 
in  Oceanus  Procellarum  were  taken  by  Lunar  Or- 
biter III  on  February  22,  1967,  from  an  altitude  of 
30  miles,"  explained  Waiter  Jakobowski,  Surveyor 
Program  engineer,  NASA.  "The  left-hand  panel  is 
an  oblique,  wide-angle  view  showing  a  partial  ring 
structure  of  low  mountains,  with  the  crater  Flam- 
steed  at  the  southern  tip  of  the  ring.  By  triangulat- 
ing from  those  mountains,  which  were  visible  in 
Surveyor  I's  photographs,  the  landed  spacecraft's  ap- 
proximate location  was  determined.  It  was  then 
possible  to  find  Surveyor  I  in  the  center  picture, 
which  is  Orbiter  II Is  high-resolution  photograph  of 
the  area.  The  right-hand  panel  is  a  portion  of  the 
center  picture  enlarged  by  a  factor  of  8.     The  space- 


craft, with  its  three  bright  landing-gear  surfaces, 
ajjpears  as  a  triangular  white  spot  in  the  center  of 
the  circle.  To  the  top  and  left  of  this  spot  is  the 
.SO-foot  shadow  cast  by  Surveyor's  solar  panel  and 
antenna. 

"The  locating  of  Surveyor  I  in  these  pictures  is 
significant  in  that  Orbiter's  vertical  view  permitted 
the  staling  of  distances  and  determination  of  the 
si/c  of  features  seen  in  the  Surveyor  photographs, 
which  otherwise  woidd  not  have  been  possible.  It 
also  will  |)ermit  extrapolation  of  Surveyor's  detailed 
findings  on  lo(al  hmar-surface  characteristics  to  other 
areas  of  the  Moon  that,  according  to  Orbiter  pictures, 
:n-e  similar  in  general  characteristics  to  the  area  in 
which  Surveyor  I  landed." 
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.  and  Peers  Into  Tsiolkovsky 


"Here,"  explained  Israel  Taback,  Lunar  Orbiter 
Project  Office,  Langley  Research  Center,  NASA,  "are  a 
wide-angle  [above,  left]  and  a  telephoto  photograph 
of  the  far  side  of  the  Moon,  taken  simultaneously  by 
Lunar  Orbiter  III  on  February  19,  1967.  The  space- 
craft was  in  a  position  near  the  Equator  and  about 
900  miles  above  the  surface.  It  was  commanded  to 
look  obliquely  south.  The  area  of  the  far  side  in- 
cluded in  the  wide-angle  photo  is  the  eastern  part 
of  the  Southern  Hemisphere  and  spans  from  about 
10°  S,  at  the  top,  to  55°  S,  at  the  bottom.  The 
width  of  the  area  covered  near  the  Equator  is  aji- 
proximately  750  miles. 

"The  telephoto  photogra|)h  shows  the  central 
region  of  the  area  covered  by  the  wide-angle  jihoto- 


graj^h,  at  a  much  better  resolution.  Each  strip 
[delineated  by  faint  parallel  lines]  is  about  4%  miles 
wide. 

"The  area  shown  in  the  wide-angle  frame  is  pre- 
dominantly cratered,  as  is  the  entire  far  side.  In  this 
way  it  differs  considerably  from  the  front  side,  where 
numerous  mare  basins  are  present.  There  are  some 
of  these  on  the  far  side,  and  the  crater  with  the  very 
dark  floor,  seen  near  the  center  of  the  wide-angle 
photo,  is  a  ])rinie  exami>le  [com])are  p.  45].  This 
crater.  ]wrtially  covered  by  the  telephoto  frame 
[right]  at  a  significantlv  better  resolution,  is  about 
150  miles  in  diameter.  It  has  been  named  Tsiol- 
kovsky. Its  features  seem  indicative  of  the  processes 
that  occur  during  mare  formation." 
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The  Moon's  Face  Grows  More  Familiar 


"The  most  impressive  feature  of  the  photograph 
above,"  declares  Lavvrknce  C.  Rowan,  U.S.  Geologi- 
cal Survey,  "is  the  crater  Kepler,  20  miles  in  diameter, 
near  the  center  of  it.  The  picture,  taken  by  Lunar 
Orbiter    HI,   shows   an    oblique   view   of    the   contact 


between  the  dark  mare  of  Oceanus  Procellarinn  in 
the  south  anil  the  bright  and  rugged  upland  in  the 
north. 

"Kepler  is  generally  believed  to  have  been  formed 
by  meteorite  impact.     Chains  of  small  craters  alined 
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radiallv  to  it  are  superposed  on  both  the  mare  and 
upland.  They  are  most  clearly  defined  in  this  pho- 
toe;raph  where  they  cross  the  mare  south-southwest 
of  Kepler.  These  chain  craters  api^ear  as  very 
bright  rays  on  full-Moon  photogra|)hs  and  were 
formed  by  impact  of  ejecta  from  Kepler.  Superposi- 
tion relations  of  this  type  show  that  the  |)rimarv 
crater  is  yoimger  than  the  subjacent  material." 
"The  crater  Hortensius   [above],"  says  Charles  J. 


DoS'i.AN,  then  Associate  Director,  Langley  Research 
(Center.  N.AS.^,  "is  one  of  the  smallest  named  craters, 
known  chiedy  for  the  domes  north  of  it.  This  pic- 
ture was  taken  by  Lunar  Orbiier  Ill's  80-mm  focal- 
length  camera  on  February  20.  1967,  from  an  altitude 
of  .'53..'!  miles.  The  scene  is  remarkable  not  only  for 
ilic  fine  detail  of  jneviously  perceived  features  but 
for  the  abiuidant  and  clearly  defined  northeast-south- 
east tectonic  structures." 
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"This  view  [above]  encapsules  the  major  events 
of  hmar  geologic  history  in  the  central  part  of  the 
visible  side  of  the  Moon,"  said  Don  E.  Wilhelms, 
U.S.  Geological  Survey.  "It  is  one  of  many  Lunar 
Orbiter  III  obliques  whose  objective  was  greater 
coverage  than  obtainable  by  vertical  photography. 

"The  view  looks  northeastward  at  crater  Murchi- 
son  [55  kilometers  in  diameter],  with  part  of  crater 
Pallas  at  center  left  edge  and  part  of  crater  Ukert 
[23  kilometers]  at  top,  to  right  of  center.  Murchi- 
son,  Pallas,  and  other  craters,  partly  in  view  in  the 
foregroimd,  formed  early,  in  pre-Imbrian  time. 
These    craters    were    then    strongly    affected    in    two 


ways  by  the  formation,  probably  by  impact,  of  the 
Imbrium  Basin  [outside  picture  to  northwest]. 
They  were  cut  by  fractures  radial  to  the  basin;  for 
example,  the  incomplete  southeast  rim  of  Mmchison 
[at  right  edge]  appears  to  be  downdropped  along 
faults.  Seconil,  the  craters  were  partly  covered  by 
ejecta  from  the  basin.  The  ejecta,  which  forms  the 
rolling  terrain  in  the  upper  fourth  of  the  picture, 
has  swamped  the  north  riin  of  Mmchison  and  spilled 
into  the  interior.  Later  events,  in  the  time  period 
called  Imbrian,  included  the  formation  of  the  crater 
Ukert  antl  the  flooding  of  its  floors,  now  cracked  in 
places,  by  mare  material  and  other  volcanics." 
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"The  moderate-resolution  photograph  on  this 
page,"  explained  Norman  L.  Crabill,  of  Langley 
Research  Center,  NASA,  "was  taken  by  Lunar  Or- 
biter  III  on  February  22,  1967,  at  an  altitude  of  35 
miles,  near  the  point  1°N,  58°  W,  in  the  southern 
part  of  Oceanus  Procellarum,  looking  generally 
southwestward. 

"This  particular  photograph  was  taken  to  deter- 
mine whether  the  innermost  aater,  Dainoiseau,  of 
the  large,  double-walled  crater  at  right  center  is  a 
collapsed  volcanic  structure,  as  it  appears  to  be  from 
Earth-based  telescopic  observations.  According  to  sci- 
entists  of   the   U.S.    Geological    Survey,    this   oblique 


photo  alone  is  not  conclusive.  However,  a  careful 
review  of  another  Orbiter  III  photograph  of  the 
same  area,  a  vertical  view,  indicates  that  the  inner 
crater  is  indeed  a  collapsed  volcanic  crater  and  the 
outer  wall  the  remnant  of  an  older,  impact  crater. 

",\nother  interesting  aspect  of  this  photograph  is 
the  contact  between  the  marelike  material  in  the 
foreground  and  the  steep,  semicircular  cliff  at  its  far 
edge,  lliis  headland  has  extremely  steep  sides,  yet 
there  is  very  little  evidence  of  slumping  at  the  base. 
This  suggests  that  the  mare  material  has  flooded  an 
old  crater,  its  near  rim  already  worn  away  by 
meteorite  impact  or  submerged  in  general  tilting." 
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"This  oblique  photograph  [above]  of  the  crater 
Theophihis  was  taken  by  Lunar  Orbiter  III  on 
February  17,  1967,"  wrote  E.  C.  Draley,  Assistant 
Director  for  Flight  Projects,  Langley  Research  Cen- 
ter, NASA.  "The  spacecraft  was  looking  south  from 
a  position  near  the  Equator.  The  crater  observed 
adjacent  to  Theophilus  and  ahnost  at  the  horizon 
is  Cyrillus. 

"Theophilus  is  about  60  miles  in  diameter  and 
approximately  4  miles  deep.  It  has  a  very  pro- 
nounced central  peak,  comparable  in  height  to 
Mount  Mitchell,  the  tallest  mountain  [6684  feet]  on 
the  east  coast  of  the  United  States. 

"This  photograph  will  allow  the  visible  character- 
istics of  Theophilus  to  be  compared  with  those  of 
other  large  craters,  such  as  Copernicus  [pp.  116-117] 
and  Tycho  [pp.  120-121],  that  have  been  photo- 
graphed by  Lunar  Orbiter  spacecraft.  This  can  now 
be  done  at  a  scale  that  was  impossible  prior  to  the 
Lunar  Orbiter  photography." 

On  the  opposite  page  is  a  su]5erb  oblique  photo- 
graph  of   the   northern    portion   of   Oceanus    Procel- 


larum.  The  Ca\aleriiis  Hills  are  in  the  foreground. 
The  largest  crater  in  the  background  is  Galilei,  about 
10  miles  across  and  over  a  mile  deep.  Its  rims  are 
1000  feet  above  the  surrounding  terrain. 

"Limar  Orbiter  III  made  this  picture  from  an 
altitude  of  38  miles,"  said  Wiliiam  J.  Boyer,  Lang- 
ley  Research  Center,  NAS.'\.  "It  was  then  160  miles 
south  of  Galilei,  just  north  of  the  Ecjuator,  and  1300 
miles  west  of  the  center  of  the  front  face.  The  space- 
craft was  alined  so  that  north  in  the  pictine  is  just  left 
of  top  center. 

"Contained  in  this  frame  of  photography  is  the 
landing  site  of  Russia's  Luna  IX  [p.  50],  which 
softlanded  there  February  3,  1966,  the  first  spacecraft 
to  do  so.  The  best  estimate  of  its  location  is  near 
the  central  |:)ortion  of  the  picture. 

"I  particularly  remember,"  Boyer  concluded,  "that 
\\hcn  this  photograph  was  received  from  Lunar  Or- 
biter III  at  the  Control  Center,  in  Pasadena,  several 
of  us  spent  many  minutes  scanning  the  negatives 
for  some  telltale  shadow  or  reflection  of  Luna  IX, 
but  we  were  forced  reluctantly  to  conclude  that  it 
was  beyond  the  picture's  resolution  capabilities." 
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Stories  in  the 
Moon's  Scars 

"A  boulder  that  rolled  downhill  and  the  track  it 
made  on  the  Moon  are  shown  in  the  Lunar  Orbiter 
jjhotograph  at  left,"  wrote  Newell  J.  Trask,  of  the 
U.S.  Geological  Survey.  "The  track  makes  it  evident 
that  the  surface  material  at  this  location  [on  the 
southeast  interior  wall  of  a  mile-wide  crater  infor- 
mally named  'Sabine  EA,'  at  2°48'  N,  24°54'  E]  is 
soil-like,  neither  solid  rock  nor  deep  ilust.  North  is 
at  to]3,  and  the  surface  slopes  gently  from  southeast 
to  northwest.  The  track  is  1200  feet  long,  6  to  15 
feet  wide.  Its  freshness  suggests  that  the  boulder 
rolled  relatively  recently,  probably  dislodged  by  a 
small  moonquake  caused  by  a  high-velocity  impact 
nearby." 

ORBITER    III 


The  dramatic  Lunar  Orbiter  III  photograph  above 
is  of  the  Hyginus  Rille.  Harold  Masurskv,  Chief, 
Branch  of  Astrogeologic  Studies,  U.S.  Geological 
Survey,  explains  that  this  rille  is  "located  in  the 
central  part  of  the  Moon.  It's  about  130  miles  long, 
2  to  4  miles  wide,  and  aboiu  1200  feet  deep.  It  is 
a  fault  trough,  or  graben,  with  volcanic  craters  well 
developed  along  the  western  branch  of  the  valley. 
The  volcanic  nature  of  the  craters  is  indicated  by 
the  buildiii)  of  material  aroimd  the  vents;  that  is, 
the  lips  of  the  craters  could  not  be  made  by  collapse 
of  material  into  the  craters. 

"The  graben  cuts  rolling  highland-basin  fill  ma- 
terial and  mare  material  near  the  crater  Hvginus, 
8  miles  in  diameter,  located  at  the  bcni!  in  the 
\alley.  Exposed  here  are  mare  materials,  ujjland-basin 
filling  material,  and  the  volcanic  rocks  near  the 
craters.  These  vents  may  give  suitable  samples  to 
study  the  composition  of  the  Moon  at  great  depths." 
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Some  Studies  in 
Rocks  and  Rilles 


Informative  fine  details  of  the  Moon's  surface  not 
discernible  from  Earth  are  revealed  in  the  Lunar 
Orbiter  III  photos  explained  on  these  pages. 

"A  fresh  crater  500  feet  in  diameter  is  seen  near 
the  center  of  the  high-resolution  photograph  [right] 
of  the  cratered  mare  surface  of  Oceanus  Procel- 
larum,"  wrote  William  L.  Quaide  and  Verne  R. 
Oberbeck,  Ames  Research  Center,  NASA.  "It  has 
a  double-walled,  concentric  geometry  peculiar  to  a 
size  class  of  lunar-impact  craters.  Laboratory  studies 
have  shown  that  craters  with  this  geometry  are  pro- 
duced by  impacts  of  projectiles  against  layered  tar- 
gets consisting  of  a  loose  surface  layer  lying  on 
stronger  subsurface  rock.  The  outer  part  of  the 
crater  was  formed  in  loose  surface  materials  and  the 
inner  part  in  the  subsurface  rocks. 

"Blocks  of  rocks  ejected  at  low  velocities  from  the 
central  crater  can  be  seen  in  the  rays  symmetrically 
disposed  about  the  crater.  Some  of  the  ejected 
blocks  have  produced  secondary  craters  upon  impact 
against  the  loose  surface  materials.  Many  of  the 
secondary  craters  have  teardrop  shapes.  Some  have 
sinuous  furrows  extending  from  the  secondary  crater 
in  a  direction  generally  outward  from  the  parent 
concentric  crater,  terminating  against  the  blocky  sec- 
ondary projectiles.  The  presence  of  these  furrows 
further  attests  to  the  loose  state  of  aggregation  of 
the  surface  materials. 

"The  smaller,  subdued-looking  crater,  300  feet  in 
diameter,  below  and  to  the  right  of  the  central  one, 
has  been  severely  eroded,  but  still  retains  evidence 
of  its  original  concentric  morphology.  At  an  earlier 
time  it  may  have  had  the  same  appearance  as  that 
of  the  fresh  concentric  crater. 

"In  fact,"  the  commentators  added,  "craters  of  vari- 
ous geometric  shapes  and  all  degrees  of  freshness 
can  be  seen  in  this  ])hotograph.  indicating  that  ero- 
sional  processes  must  have  continually  modified  the 
a]jpearance  of  the  lunar  surface.  This  modification 
has  been  accompanied  by  repetitive  bombardment 
of    meteorites    and    cometary    particles    of    all    sizes. 


Such  repetitive  impact  has  not  just  modified  the 
appearance  of  the  lunar  surface,  but,  by  crushing 
and  grinding  the  originally  hard  surface  rocks,  it  has 
produced  the  layer  of  loose  material  foimd  there. 

"Considerations  of  the  size  distribution  of  craters 
with  morphology  such  as  this  has  made  it  possible  to 
measure  the  thickness  of  the  surface  layer  at  many 
]3laces  on  the  Moon,  and  thus  determine  the  relative 
ages  of  formation  of  the  hard  rocks  now  covered  by 
the  loose  mantle  of  debris." 

"Characteristic  features,  heretofore  not  visible  from 
Earth,  of  the  floor  of  the  northeastern  part  of  crater 
Hevelius.  near  the  far-west  limb  of  the  Moon,  are 
im])ressively  displayed  in  the  ])hotograph  at  top  left, 
ojjposite  page,"  points  oiu  Veri  R.  ^Viimarth,  Liuiar 
and  Planetary  Programs,  N,\S.\. 

"Hevelius  is  an  old  crater,  about  60  miles  in  di- 
ameter, and  similar  to  other  large  old  craters.  Many 
smaller,  still  yoimger  craters  are  common  in  its  floor 
and  walls.  The  yoiuig  craters— like  the  one,  about 
2  miles  across,  shown  near  the  center  of  this  j^hoto- 
graph— arc  predominantly  round,  though  a  few  are 
elongate.     They    have    raised    rims,    but   well-defined 
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throwout  rays  are  not  present.  These  features  indi- 
cate that  an  extensive  layer  of  weakly  cohesive  ma- 
terials fills  the  crater  and  covers  the  crater  walls. 

"The  most  striking  feature  of  this  photograph," 
Wilmarth  declares,  "is  the  intersecting  system  of 
northwest-  and  northeast-trending  rilles,  trenches  as 
wide  as  3500  feet  and  several  tens  of  feet  deep.  Two 
distinct  ages  of  rilles  are  present.  The  oldest  rille, 
not  far  from  the  left  edge  of  the  photograph  and 
nearly  parallel  to  it,  is  characterized  by  subdued 
walls.  The  other  rilles  are  younger,  have  sharp 
walls,  and  are  less  modified  by  later  surface  processes. 

"Rilles  are  interpreted  as  surface  expressions  of 
subsurface  structural  features  of  dynamic  origin.  This 
thesis  suggests  that  two  |3eriods  of  diastrophism  have 
occtured  since  Hevelius  was  formed.  Similar  struc- 
tural features  known  on  Earth  are  in  some  instances 
formed  by  iipwarping  of  the  surface  rocks,  by  com- 
paction, or  by  withdrawal  of  subsiuface  material." 

"Part  of  an  old  liuiar  hill,  one  of  several  enclosing 
the  basin  of  the  ancient  crater  Flamsteed  P..  filled 
with  mare  material,  is  shown  in  the  high-resolution 
photo    at    top    right,"    wrote    Martin    J.    Swetnick, 


Lunar  Orbiter  Program  scientist,  NAS.A.  "The  hill, 
located  at  42.8°  W,  2.4°  S,  is  the  dominant  feature  in 
the  picture,  taken  at  a  height  of  32  miles,  when  the 
.Sun  was  to  the  right  at  an  elevation  of  19° 
above  the  local  horizon.  Although  the  area  covered 
is  3.3  by  2.7  miles,  surface  features  as  small  as  4  feet 
in  diameter  can  be  readily  resolved.  North  is 
toward  the  upj^er-left  corner  of  the  photograph. 

"The  crest  of  the  hill  is  1000  feet  above  the  cra- 
tered  floor  of  the  basin,"  Swetnick  continued.  "The 
western,  or  shadowed,  side  of  the  hill  has  a  slope  of 
about  18°.  The  slope  of  the  eastern  side  is  less  than 
10°.  The  features  of  the  western  slope  have  scien- 
tific significance  in  that  they  provide  evidence  for 
the  occurrence  of  mass  wasting.  A  terrace,  or  talus 
slo])c.  consisting  of  fragmented  material  can  readily 
be  seen  along  the  base  of  the  western  slope.  The 
terrace  was  most  likelv  formed  b\  a  landslide  down 
that  slope.  Ledge  rock  ex])oseil  by  this  landslide 
can  be  seen  near  the  crest  of  the  hill.  The  texture 
of  the  terrace  material  is  distinctly  finer  than  that 
of  the  material  higher  on  the  hill  slope.  The 
densit^  of  craters  on  the  terrace  is  much  less  than  on 
the  basin's  floor." 
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Orbiter  IV  Maps  the  Moon's  Near  Side 


"The  prime  objective  of  Lunar  Orbiter  IV," 
wrote  James  S.  Martin,  Deputy  Lunar  Orbiter  Proj- 
ect Manager,  Langley  Research  Center,  NASA,  "was  to 
photogra[ih  the  entire  front  side  of  the  Moon  at  a 
resohition  considerably  better  than  is  possible  from 
Earth.  The  mosaic  on  the  opposite  page  is  the  re- 
sult. The  pictures,  taken  May  11-25,  1967,  span  an 
area  from  the  North  Pole  (at  to|})  to  the  South 
Pole,  and  from  the  eastern  limb  (at  right)  to  the 
western   limb. 

"The  complete  mosaic  is  approximately  40  by  45 
feet.  It  was  laid  on  the  floor,  and  observers  were 
allowed  to  stand  on  it  or  crawl  over  it  in  their 
stocking  feet.  Some  astronomers  chose  the  latter 
course,  carrying  magnifying  glasses.  The  mosaic  was 
a  primary  source  in  selecting  scientific  sites  for  Lunar 
Orbiter  \'  to  photograph  at  higher  resolutions." 


"The  first  swath  of  Lunar  Orbiter  IV's  nearly  polar 
orbit  of  the  Moon  on  its  mapping  mission  disclosed 
some  hitherto  imseen  areas  beyond  the  eastern 
limb,"  commented  Leon  Kosofsky,  Lunar  and  Plane- 
tary Programs,  NASA.  "One  of  the  most  striking 
features  disclosed  was  the  large  trough  visible  in 
both  photographs  above. 

"This  great  gash  [at  top  left  of  the  biggest  crater 
in  the  wide-angle  photograph;  enlarged  at  upper 
right]  is  aboiu  150  miles  long  and  averages  5  miles 
in  width.  It  is  the  most  prominent  of  .S  valleys  radi- 
ating from  that  large,  double-rimmed  crater.  Pre- 
sumably the  valleys  were  formed  by  the  impact  that 
created  the  crater.  There  are  radial  valleys  near  oth- 
er very  large  craters.  As  the  enlargement  shows,  the 
edges  of  this  trough  are  raised  and  scalloped,  giving  it 
the  apf)earan(c  of  a  chaitt  of  closely  spaced  craters." 
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A  Crater 
as  Big  as 
New  York  State 


"Lunar  Orbiter  IV  was  about  1700  miles  above 
the  Moon  on  May  25,  1967,  when  its  wide-angle  and 
telephoto  cameras  simultaneously  took  the  two  dra- 
matic photographs  paired  on  these  pages,"  said 
A.  Thomas  Young,  Lunar  Orbiter  Project  Office. 
Langley  Research  Center,  NASA.  "The  wide-angle 
photograjjh  [above]  shows  the  large,  circular  Orientale 
Basin,  a])pcaring  as  a  gigantic  bull's-eye  on  the 
wcstc'in  limb  of  the  Moon.  The  Cordillera  Moun- 
tains,   rising    some    20  000    feet    above    the    adjacent 


sinface,  form  the  outer  ring,  which  is  approximately 
600  miles  in  diameter.  The  State  of  New  York 
woidd  easily  fit  within  it. 

"The  telephoto  view  on  the  o|)posite  page  magni- 
fies in  remarkafjle  detail  the  portion  of  the  wide-angle 
photograph  showing  the  area  just  to  the  right  of 
center  of  the  Orientale  Basin. 

"Large,  circular  basins  such  as  Imbriimi,  Crisiiuii, 
and  Orientale  are  major  features  on  the  Nfoon,  and 
therefore  of  great  importance  to  lunar  science.     The 
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sharpness  of  the  features  |)ortrave(l  in  these  photo- 
graphs has  led  many  hinar  scientists  to  interpret 
Orientale  to  be  one  of  the  youngest  of  the  large 
basins.  Orientale's  appearance  is  considered  to  be 
tv])ica]  of  how  the  older  basins,  such  as  Imbrium. 
looked  earlier  in  their  long  history.'" 

The  Orientale  Basin  is  centered  at  89°  W.  15°  S, 
on  the  extreme  western  edge  of  the  Moon's  visible 
side.     It    is    interpreted    as    having   been    formed    by 


I  he  impact  of  a  giant  meteorite  or  comet  nucleus,  and 
as  being  only  partly  filled  bv  the  younger,  dark  vol- 
canic material. 

Its  outer  rim  is  covered  by  ejccta  hurled  from  the 
Ijasin.  Within  Orientale's  outer  ring,  the  Rook 
.Mountains,  seen  in  the  upper-right  j^ortion  of  the 
ie]e])hoto  view,  form  another  circular  scar]i.  about 
100  miles  in  diameter.  .\t  the  center  of  the  Orientale 
Basin  is  ihe  dark  Mare  Orientale,  which  is  about 
18f)  miles   in   diameter. 
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Moon  "Dunes"  Against  a  Crater  Wall 


"The  crater  Riccioli,  occupying  the  right  center 
of  the  high-resohition  Lunar  Orbiter  IV  photograph 
on  the  opposite  page,  is  about  130  kilometers  in 
diameter  and  lies  about  750  kilometers  to  the  north- 
east of  the  center  of  the  Orientale  Basin,"  explained 
J.  F.  McCauiey,  of  the  U.S.  Geological  .Survey. 

"Pre-Orbiter  telescopic  work  by  Hartman  and 
Kuiper,  of  the  Limar  and  Planetary  Laboratory,  Uni- 
versity of  Arizona,  and  by  me  suggested  that  Orientale 
was  the  yoimgest  of  the  large  liuiar  basins.  Orbiter 
IV  convincingly  proved  this  hypothesis. 

"The  well-preserved,  g^rooved-to-braided  texture  of 
the  'blanket'  that  surrounds  Orientale  can  be  seen  in 
the  accompanying  photograph.  The  fact  that  it 
mantles  pre-Orientale  craters,  such  as  Riccioli,  is  also 
evident.  The  blanket  is  clearly  draped  over  the 
crater  wall  nearest  Orientale,  but  is  banked  up  into 
crude   dunes    on    the   far   wall    [upper-right    side   of 


Riccioli].  The  material  of  the  blanket  apparently 
'flowed'  over  the  rim  nearest  Orientale  and  out  over 
the  crater  floor,  but,  upon  reaching  the  far  wall, 
lacked  sufficient  energy  to  move  in  an  u]3slope 
direction. 

"Similar  'dimelike'  deposits  are  found  at  the  base 
of  topogra])hic  obstacles  at  com]3arable  distances 
from  Orientale  around  the  entire  basin.  Near  the 
Cordillera  Moimtains,  closer  to  the  center  of  Orien- 
tale. preblanket  craters  are  completely  mantled,  and 
the  'Ijanking-up'  effect  cannot  be  seen.  These  fea- 
tines  are  interpreted  to  be  the  product  of  surface 
flow  in  a  base-surge  cloud  of  the  type  known  to 
occur  in  nuclear  and  high-explosive  cratering  events. 

"The  new  data  contained  in  the  Orbiter  IV  photo- 
graphs of  the  Orientale  Basin,"  McCauley  concluded, 
"strengthen  the  hy])othesis  of  an  impact  origin  for 
large  liniar  basins." 
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Orbiter  V  Photographs  the  Nearly  Full  Earth 


"This  photograph  of  the  Earth  [opposite  page] 
was  made  by  Orbiter  V  as  it  circled  the  Moon  in  a 
polar  orbit  214  860  miles  away,"  commented  Lee  R. 
ScHERER,  Lunar  Orbiter  Program  Manager,  NASA.  "It 
does  not  quite  include  the  full  sunlit  surface.  The 
jjicture  is  centered  over  India,  while  the  Sun  was 
directly  over  Saudi  .Arabia. 

"The  clear  outline  of  the  entire  east  coast  of 
Africa  and  the  Cape  of  Good  Hope  can  be  seen. 
Prominent  geographical  features  such  as  Italy, 
Greece,  Turkey,  the  Black  Sea,  the  Suez  Canal  area, 
the  Red  Sea,  and  the  Persian  Gulf  are  discernible. 

"This  was  one  of  the  secondary  photographs  of 
Orbiter  V's  mission,  but  it  attracted  high  public 
interest  around   the  world   for   a   variety   of  reasons. 


It  was  the  first  picture  of  the  nearly  full  Earth  as 
seen  from  the  Moon  distance. 

"Wags  examining  this  photograph  have  stated  that 
life  obviously  could  not  exist  on  such  a  shrouded 
planet.  To  most,  this  was  humorous,  but  thoughtfid 
scientists  noted  the  distinct  resemblance  to  photo- 
graphs of  Venus,  and  interest  in  the  exploration  of 
that  planet  was  heightened. 

"To  the  philosopher,  this  ]MCture  is  close  to  man's 
sold,  since  it  allows  him  to  look  back  upon  his  own 
world,  and  thus  fosters  the  feeling  of  man's  emanci- 
pation from  the  boimds  of  Earth.  Perhaps  to  most 
of  us  the  interest  is  due  to  human  vanitv.  which 
dictates  that  self-portraits  are  always  the  best  por- 
traits." 
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A  Closer  Look  at  Copernicus 


"The  medium-resolution  [above]  and  high- 
resolution  photographs  of  the  crater  Copernicus 
shown  here,"  said  Terry  W.  Offield,  of  the  U.S. 
Geological  Survey,  "were  taken  by  Lunar  Orbiter  V 
from  an  altitude  of  63  miles  above  the  Moon's  sur- 


face in  August  1967."  The  area  within  the  rec- 
tangle, shown  enlarged  on  the  opposite  page,  is  I2V2 
miles  wide  and   17'/o  miles  long. 

"Copernicus    [see    also    pp.    88-89]     is    relatively 
young    and    fresh.     The    medium-resolution    photo- 
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graph  shows  a  hummocky  crater  rim,  immeroiis  large 
shimp  blocks  on  the  crater  wall,  and  a  complex  of 
central  peaks.  Sets  of  parallel  fractures,  alined  with 
the  limar  structure  grid,  formed  after  the  crater  wall 
took  its  present  form,  but  before  the  smoothest  floor 
materials  were  emplaced.  The  smooth  floor  mate- 
rials show  a  swirling  pattern  of  cracks  like  those  seen 
on  terrestrial  lava  flows.  These  materials  are  associ- 
ated with  numerous  hills  that  have  summit  craters 
and     are     probably     small     volcanoes.     Several     low 


places  on  the  rim  and  w.ill  are  partlv  filled  bv  what 
ap])ears  to  be  ponded  volcanic  material,  or  possibly 
fluidi/ed  impact  debris. 

"The  high-resolution  ])hoto."  Offield  concluded, 
"shows  iliai  flows  apparently  spilled  through  breaks 
in  (he  ])oud  walls  and  coiused  down  valleys  to  the 
crater  floor,  where  thev  spread  out  as  deltas  or  lobes. 
Ridges  on  the  flows  arc  natural  levees,  formed  as 
material  solidified  faster  along  the  channel  sides  than 
it  did  in  the  center." 
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Lunar  Tales 
in  Tracks 
and  Troughs 


"The  tracks  of  numerous  rolling  boulders,  some 
of  them  more  than  100  feet  across,  are  visible  in 
Lunar  Orbiter  V's  high-resolution  photograph  of  the 
crater  Vitello,  on  the  southern  edge  of  the  Moon's 
Sea  of  Moisture,"  remarked  Kenneth  L.  Wadlin, 
of  the  Lunar  and  Plantetary  Programs,  NASA.  "The 
picture  was  taken  on  August  17,  1967,  from  an  altitude 
of  about  100  miles. 

"Two  such  tracks  can  be  seen  in  the  enlargement 
at  right.  The  complex  pattern  of  the  900-foot  track 
left  by  the  large  boulder  indicates  that  this  boulder, 
which  is  about  75  feet  across,  is  quite  angular.  The 
buffeting  that  it  experienced  in  rolling  did  not  cause 
it  to  break  up  or  become  roimded.  This  points  both 
to  the  integrity  of  the  material  of  which  it  is  com- 
posed and  to  the  deformable  nature  of  the  surround- 
ing surface  material. 

"The  more  imiform  track  of  a  smaller,  more 
rounded  boulder  can  be  seen  to  the  right  of  the 
large  one.  This  smaller  boulder  is  over  15  feet 
across,  and  traveled   1200  feet  before  it  came  to  rest. 

"The  boulders  may  have  been  set  rolling  by  moon- 
quakes  or  meteor  impacts." 

Orbiter  V  took  more  revealing  photographs  of  the 
Hyginus  Rille  [top  of  opposite  page]  than  Orbiter 
III  did  [see  p.  104]. 

"The  moderate-resolution  photogra]3h  at  top  left 
shows  clearly  the  two  elements  of  the  rille  system," 
explained  Harold  Masursky,  Chief,  Branch  of  Astro- 
geologic  Studies,  LI.S.  Geological  Survey.  "First  is  the 
trough  bounded  by  marginal  faults.  The  graben,  or 
downdropped  block,  is  nearly  a  thousand  feet  below 
the  surrounding  plain.  Disposed  along  the  west 
branch  of  the  fault  valley  are  a  series  of  volcanic 
vents,  like  beads  on  a  string.  The  largest  vent,  the 
crater  Hyginus,  located  at  the  bend  in  the  valley,  is 
8  miles  in  tliameter. 
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"Details  of  the  fault  valley  and  volcanic  vent  are 
more  clearly  visible  in  the  high-resolution  photo- 
graph at  top  right.  In  |3articular,  abundant  oiit- 
cro])s  and  boulders  occur  on  the  lip  and  sides  of  the 
\ent.  These  blocks  are  the  critical  feature  for,  in 
terrestrial  volcanic  vents  that  greatly  resemble  these 
liuiar  ones,  blocks  occur  that  are  brought  up  from 
great  depths.  In  the  Colorado  Plateau  area  of  the 
United  States,  blocks  aroimd  such  vents  as  these  have 
been  brought  up  from  depths  of  20  miles. 

"It  shoidd  be  possible  to  make  a  manned  landing 
in  the  relatively  smooth  topography  adjacent  to  this 
valley,"  Masursky  concludes.  "From  this  landing  site, 
it  should  be  possible  to  collect  samples  of  typical 
upland  materials  from  the  walls  of  the  trough,  as 
well  as  sam]3les  from  the  \ent  that  are  brought  up 
from  deep  within  the  Moon." 
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Below  are  moderate-  and  high-resolution  photos 
by  Lunar  Orbiter  V  of  sinuous  rilles  in  the  Marius 
Hills.  Robert  P.  Bryson,  Lunar  and  Planetary  Pro- 
grams, NASA,  gave  this  description:  ".  .  .  they  are 
long,  uniformly  narrow  rifts  or  valleys  that,  like  river 
channels,  pass  across  or  through  a  'wrinkle  ridge' 
and  between  domes,  or  low  hills.  Unlike  river  chan- 
nels,   however,    they   appear   to   head    in    a   basin   or 


crater  and  decrease  gradually  in  width  and  depth 
and  disappear.  Very  likely  they  were  formed  by 
some  type  of  freely  flowing  material— possibly  water 
[as  Dr.  Harold  C.  Urey  has  suggested],  although, 
under  the  existing  condition  of  low  gravity  and  at- 
mospheric pressme,  as  well  as  broad  tem]3eratin-e  ex- 
iremes,  water  could  have  remained  at  the  surface  for 
no  more  than  very  brief  periods." 
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The  Intricate  Structure  of  Tycho 


"The  youngest  large  impact  crater  on  the  Moon 
is  Tycho,  which  is  53  miles  in  diameter  and  nearly 
3  miles  deep,"  commented  Howard  A.  Pohn,  of  the 
U.S.  Geological  Survey.  Sinveyor  VII  [see  p.  78] 
landed  about  18  miles  beyond  its  north  rim,  as  shown 
in    the    medium-resolution    view    of    Tycho    above, 


taken  bv  Lunar  Orbiter  V.  [The  white  circle  marks 
its  landing  area.  The  area  within  the  rectangle,  en- 
larged on  the  opposite  page,  is  27  by  35  miles.] 

"This  j)hotograph  shows  the  entire  crater,  includ- 
ing ejected  crater  materials,  which  form  pronounced 
radial   ridges   and   grooves.     These  ejected   materials 
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are  gradational  from  large,  hiimmocky,  angular 
blocks,  nearest  the  crest  of  the  crater  rim.  to  fine, 
subdued  materials,  near  the  top  of  the  photograph. 

"The  crater  interior  is  characterized  by  a  pro- 
nounced central  peak,  extremely  hummocky  floor, 
and  steep,  angular  blocks  in  the  walls.  Many  de- 
pressions along  the  eastern  margin  of  the  crater  in- 
terior exhibit  ponds  of  smooth  materials  that  are 
thought  to  be  the  residt  of  postcrater  volcanism. 

"The  high-resolution  photograph  above  shows  the 


intricate  structures  that  appear  inside  the  crater,  with 
the  most  interesting  feature  being  the  crater  floor. 
The  subparallel  ridges  and  grooves,  as  well  as  the 
many  cratered  prominences,  are  reminiscent  of  the 
Roniia  La\a  Flow,  in  northern  Arizona. 

"The  floor  of  Tycho  is  demonstrably  voiuiger  than 
the  crater  rim,  and  was  probably  formed  much  later  in 
luiKii  history,  as  a  residt  of  ia|)])iiig  deep-seated  vol- 
canic sources  by  fracturing  that  was  associated  with 
the  Tycho  impact." 
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Penetrating  Views 
of  Aristarchus 


"The  youthful  impact  crater  Aristarchus,  viewed 
above  in  medium-resokition  and  on  the  opposite 
page  in  high-resolution  photograishy  by  Lunar  Or- 
biter  V.  is  23  miles  in  diameter  and  10  000  feet 
deep,"  wrote  Donaid  U.  Wise,  associate  professor  of 
geology,  Franklin  and  Marshall  College.  "It  illus- 
trates the  interplay  of  geologic  processes  that  com- 
]3licate  liMiar  land  forms.  Three  major  topographic 
zones  are  characterized  by  differing  age  and  dominant 
geologic  process.  [The  area  within  the  rectangle, 
enlarged  on  the  opposite  page,  is   11   by   1!   miles.] 

"Oldest  of  the  /ones  is  the  debris  apron,  spreading 
outward  for  a  crater  diameter  beyond  the  upturned 
rim.     The  second  zone,  a  ring  of  slumped  blocks,  re- 


suhed  from  gravity  collapse  of  the  initial  steep  walls 
of  the  crater  to  produce  the  present,  relatively  stable 
40  percent  slopes.  Many  of  these  collapses  utilized 
a  preexisting  northeast-  and  northwest-trending  re- 
gional fracture  system  to  produce  an  intersecting 
array  of  elongate  slump  blocks  and  an  eyelike  north- 
south  elongation  of  the  crater  [visible  above], 

"The  third  and  youngest  zone,  strikingly  similar 
in  a]jpearance  to  floors  of  Hawaiian  volcanoes,  is 
relatively  flat,  strongly  crevassed,  and  marked  by 
many  dome-shaped  hills,  50  to  100  feet  high.  Ab- 
sence of  major  disruption  of  the  flat  floor  by  slump 
movement  indicates  that  volcanic  filling  of  the  floor 
is  yoimger  than  most  of  the  wall  collapse.  Many 
late-stage  modifications  of  the  slumped-wall  zone  may 
have  been  coincident  in  time  with  the  volcanic  ac- 
tivity. Periodic  sightings  of  red  glows  in  the  Aris- 
tarchus region  suggest  that  this  phase  of  crater 
niotlification  may  still  be  in  progress." 
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Schroter's  Valley  and  Some  Sinuous  Rilles 


"A  lunar  valley  named  after  the  renowned  German 
selenographer  Johann  Hieronymus  Schroter  (1745- 
1816)  is  depicted  in  the  excellent  photographs 
above,"  said  Dennis  B.  James,  of  Bellcomm,  Inc. 
"The  medium-resolution  [left]  and  high-resolution 
photographs  of  it  were  taken  simidtaneously  by 
Lunar  Orbiter  V  on  August  18,  1967,  from  an  alti- 
tude of  about  140  kilometers.  The  distance  between 
vertical  lines  in  the  mediiun-resolution  photograph 
above  is  4300  meters. 

"Schroter's  Valley  terminates  in  what  lunar  scien- 
tists have  been  inspired  to  call  (for  obvious  reasons) 
the  Cobra  Head  [bottom  right  in  the  photo],  which 
is  interpreted  as  its  source.  The  valley's  walls  rise 
more  than  1300  meters  above  its  floor.  It  is  near 
the  craters  Herodotus  and  Aristarchus,  but  closer  to 
the  former. 

"In  the  cropped  telephoto  view  at  right  above, 
the  salient  feature  displayed  is  the  meandering  rille 
within  .Schroter's  Valley,"  James  continued.  "The 
rille  also  emerges  from  the  Cobra  Head.     As  it  me- 


anders, more  so  than  the  valley  itself,  the  rille  moves 
trom  one  side  of  the  valley  to  the  other,  at  one  point 
forming  a  cutofl:  channel.  These  characteristics  re- 
semble those  of  meandering  canyons,  valleys,  and 
streams  on  Earth.  Of  special  interest  also  are  the 
blocks  of  rock  that  separate  from  the  valley's  walls 
and  leave  behind  them  tracks  of  their  downslope 
moN'ement. 

"Scientists  believe  that  the  valley  and  its  meander- 
ing rille  were  formed  by  erosion  of  small  particles 
carried  by  a  flow  of  either  a  liquid  or  a  gas. 

"The  distance  between  vertical  lines  in  the  high- 
resolution  ]5hoto  is  540  meters." 

"Sinuous  rilles  are  among  the  most  imusual  fea- 
tures of  the  lunar'  surface,"  declared  Martin  W. 
Moi.ioY,  program  scientist,  Apollo  Lunar  Explora- 
tion Office,  NASA.  "Perhaps  billowing  clouds  from 
the  fluid  that  carved  meandering  channels  like  those 
in  the  Harbinger  Moimtains,  shown  in  the  Lunar 
Orbiter    V    medium-    and    high-resolution    photos    at 
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the  toj)  of  this  page,  boiled  off  in  the  iihra-high  vac- 
uiini  of  the  Moon  and  distributed  fine  particles  uni- 
formly over  adjacent  areas. 

"The  sinuous  rilles  along  the  right  edge  of  the 
left-hand  photograph  show  evidence  of  subsequent 
channel  filling  by  mare  material.  The  rille  in  the 
top  center  of  the  picture  has  cut  through  an  older 
line  of  hills  in  Oceanus  Procellarum.  The  large 
crater  at  the  bottom  is  Prinz.  Its  floor  is  spattered 
by  secondary  ejecta  from  Aristarchus,  just  out  of 
sight  at  lower  left.     Its  rim  is  partly  submerged   in 


the  material   that    has   flooded   Oceanus   Procellarum. 

"Flowing  downhill  [toward  the  top  of  the  photo] 
from  the  rim  of  Prin/  and  out  onto  the  mare  surface 
is  a  rille  with  a  narrow,  new  channel  incised  in  the 
side  of  an  older,  broader  channel. 

"This  same  rille  is  seen  in  detail  in  the  high- 
resolution  phoiogra])h  at  right,"  Molloy  added.  "A 
small,  recent  crater  located  within  the  head  of  the 
older  rille  is  the  .source  of  the  new  channel.  The 
crater  is  so  fresh  that  laige  blocks  can  be  seen  in  iis 
walls." 
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The  Moon's 


Pale  Self  and  Distant  Views 


Though  Surveyor  I's  television  camera  produced 
black-and-white  images,  one  way  existed  by  which  it 
could  transmit  color.  This  was  to  shoot  three  sep- 
arate pictmes  of  the  same  scene  through  different- 
colored  filters,  send  them  to  Earth,  anil  there  recon- 
stitute the  picture  through  similar  filters.  One  residt 
ol  this  comjjlicated  piocess  was  the  photo  above,  which 
inilicates  that  the  lunar  sinface  ajjpears  to  be  almost 
colorless. 

In  explanation  of  the  picture,  Clark  Goodman, 
of  the  University  of  Houston,  said:  "Since  solar  light 
is  essentially  white— composed  of  equal  amounts  of 
all  wavelengths  over  the  spectral  range  of  the  photo- 
graphic film— the  light  reflected  from  the  Moon  is 
solar    light    minus    any    wavelengths    specifically    ab- 


sorbed by  the  limar  grains.  The  fact  that  the  re- 
flected light  is  nearly  colorless  (nearly  white)  means 
that  the  limar  skin  does  not  selectively  absorb  any 
particular  wavelengths. 

"Hence,"  said  Goodman,  "we  conclude  that  the 
hmar  material  is  not  composed  of  a  ])articidar  single- 
colored  mineral  biu  instead  is  either  a  mixture  of 
many  different  colored  minerals  or  is  a  mixture  of 
colorless  minerals." 

.Another  color  reconstitution,  on  the  op])osite  page, 
is  a  closeup  of  Surveyor  Ill's  footpad  2. 

Remarking  on  it,  J.  J.  Renniison,  of  the  jet  Pro- 
pidsion  Laboratory,  said:  "Visible  items  of  impor- 
tance, from   upper  left   to  lower  right,   are:    a   small 
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portion  of  lunar  soil,  phucd  on  ihr  footpad  by  the 
surface-sampling  instrument;  ihc  :itiitu(le  control  jet. 
with  its  gold-tipped  noz/le  contrasting  with  the  gray 
of  the  lunar  soil;  and,  lastly,  ;i  phoiometric  target, 
consisting  of  several  shades  of  grav  as  well  ;is  three 
colors. 

"One  of   the  major  scientific  achie\enients  of   the 


lolor  aiiahsis  of  su<  h  pictures  as  this  one  was  the 
discovciA  that  ver\  little  color  differences  were  de- 
tectable between  the  immediate  siuroimdings  of  .Siu- 
veyor  I's  landing  site  and  those  of  .Surve\or  Ill's 
laiidiii<j,  site.  The  color  of  the  distuibed  soil  rc- 
m:iined  the  same  as  the  color  of  the  undisturbed 
surface." 
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"The  color-reconstituted  photograph  at  top  right," 
said  J.  J.  Rennilson,  of  the  Jet  Propulsion  Labora- 
tory, "is  the  first  one  in  which  man  has  been  able  to 
observe  an  eclipse  of  the  Sun  by  his  own  planet. 
Surveyor  III  took  the  view  from  the  Moon  with  the 
wide-angle  mode  of  its  TV  camera. 

"Most  prominent  in  the  picture  is  the  white  cap 
of  light  caused  by  the  bending  of  the  Sun's  light  as 
it  passed  through  the  Earth's  atmosphere.  The  cap 
is  much  brighter  than  the  rest  because  of  the  Sun's 
proximity  to  that  limb,  causing  a  gieater  proportion 
of  sunlight  to  be  refracted.  The  beaded  appearance 
around  the  remaining  portion  of  the  Earth's  atmos- 
phere is  due  largely  to  the  interruption  of  the  band 
of  light  by  overcast  areas.  A  small  portion  at  the 
right  of  the  solar-eclipse  photograph  was  obscured 
by  an  edge  of  the  camera's  mirror. 

"Blue  light  from  the  Sun  is  scattered  out  of  the 
beam  during  passage  through  the  Earth's  atmosphere, 
leaving  mostly  the  green,  yellow,  and  red  portions 
of  the  spectrum.  A  careful  study  of  this  and  other 
lunar  photographs  of  the  solar  eclipse  will  enable 
scientists  to  understand  better  the  optical  properties 
of  our  atmosphere." 

"The  historic  color  photograph  of  the  crescent 
Earth  [right],"  commented  Robert  F.  Garbarini, 
former  Deputy  Associate  Administrator  (Engineer- 
ing), Office  of  Space  Science  and  Applications,  "was 
taken  from  the  Moon's  surface  by  Surveyor  III  on 
April  30,  1967.  Only  because  of  the  tilt  of  the  space- 
craft and  the  favorable  libration  of  the  Moon  was  it 
possible  to  catch  the  Earth  in  the  camera's  wide-angle 
field  of  view." 

On  a  later  Siuveyor  mission,  it  was  ]jossible  to  com- 
mand the  camera  to  take  narrow-angle  |)hotographs  of 
the  Earth  having  much  higher  resoliuion. 
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Earth's  First  Close  Views  of  Mars 


The  photogiaphs  on  the  four  following  pages  were 
taken  by  a  television  camera  that  was  nearly  150 
million  miles  away,  farther  from  Earth  than  any 
camera  had  ever  traveled  before.  It  was  riding  on 
Mariner   IV,   which,   after   an    interplanetary   journey 


of  7'  -   months,  flew  within   9Si7   kilometers  of   Mars 
on  July   15.   1965. 

The  coinse  of  the  spacecraft  camera's  pictme  cov- 
erage of  Mars  and  the  locations  of  the  pictures 
on  pages  130-133  are  shown  on  this  map. 
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Mariner  IV's  camera,  its  shutter  automatically  op- 
erating every  48  seconds  as  red  and  green  filters 
were  alternated  before  its  lens,  took  a  total  of  21 
complete  pictiues  and  a  fraction  of  another. 

These  pictures  provided  man  with  his  first  chance 
since  the  invention  of  the  telescope  to  view  the  sur- 
face of  Mars  withoiu  the  hindrance  of  "straining  to 
see  through  the  Earth's  atmosphere  like  a  driver 
peering  through  a  rain-spattered  windshield,"  as 
Dr.  Robert  Jastrow  has  expressed  it. 

"At  00:18:33.1  GMT  on  July  15,'  said  Dan 
ScHNEiDERMAN,  Mariner  1967  Project  Manager.  Jet 
Propulsion  Laboratory,  "the  first  closeup  black-and- 
white  photograph  of  Mars   [above]   was   taken  from 


the  spacecraft  through  a  red  filter.  The  image  cen- 
ter is  approximately  at  33°  N,  171.6°  E,  and  about 
17  000  kilometers  from  Mariner  IV.  The  spacecraft 
\elocity  relative  to  Mars  was  4.913  km/sec. 

"Surface  features  are  not  readily  distinguished  be- 
cause of  what  appears  to  be  a  haze  or  cloud  layer, 
which  is  enhanced  by  the  oblique  view.  There  is 
an  imcertainty  as  to  the  condition  of  the  lens  at  this 
time,  and  some  glare  may  be  present.  The  upper 
right-hand  region  corresponds  with  the  area  known 
as  Phlegra.  Because  of  the  cloud  layer,  it  cannot  be 
determined  whether  the  light  and  dark  areas  are  due 
to  changes  in  aspect  of  the  siufacc,  a  series  of  breaks 
in  the  clouds,  or  a  combination  of  these  effects. 


130 


MARINER   IV 


iff"-  - 


1 


.    r^ 


"The  historic  value  of  this  photo  is  clear.  Its 
scientific  value  lies  primarily  in  its  indication  of  the 
existence  of  clouds  and  its  demonstration  of  the  im- 
portance and  feasibility  of  imagery  as  a  scientific 
tool  for  planetary  exploration." 

"As  conventional  photographs  were  reconstructed 
from  the  coded  radio  signals  sent  back  by  Mariner 
IV,"  wrote  Bruce  C.  Murray,  of  the  California  In- 
stitute of  Technology,  "frame  No.  9,  shown  above, 
was  the  first  picture  available  to  the  TV  Experiment 
Team  that  clearly  showed  a  cratered,  lunarlike  sur- 
face, even  including  a  characteristic  central  peak  and 
some    evidences    of    polygonalization    of    the    craters. 


[It  took  more  than  8  hours  for  the  spacecraft  to 
send  across  some  140  million  miles  the  210  000  bits 
that  constitiued  each  photograph.] 

"Many  scientists  before  that  time  had  considered 
the  surface  of  Mars  to  resemble  more  closely  that  of 
the  Earth  than  that  of  the  Moon,"  Murray  continued. 
"Picture  No.  9,  portending  a  complete  rearrange- 
ment of  Mars  on  the  family  tree  of  the  solar  system, 
must  be  regarded  as  one  of 'the  high  points  of  dis- 
covery of  the  space  age,  if  not  of  the  20th  century. 
Because  of  the  speed  with  which  photographic  data 
can  be  di,sseminated,  and  the  universal  understand- 
ing of  pictures,  the  entire  world  truly  shared  in  the 
excitement  of  this  discovery." 
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"Among  the  several  Mariner  IV  photographs  that 
revealed  Martian  craters,  perhaps  the  most  spectacu- 
lar was  No.  11,  shown  above,"  commented  Robert  B. 
Leighton,  of  the  California  Institute  of  Technology. 
"It  contains  more  than  20  craters,  including  the 
largest  well-defined  one  seen,  as  well  as  some  of  the 
smallest. 

"In  all,  more  than  100  craters,  ranging  in  diameter 
from  less  than  5  to  more  than  100  kilometers,  were 
seen  for  the  first  time.  The  craters  appear  to  be  of 
widely  varying  age,  judging  by   their  relative   states 


of  ])reservation.     Their  depths  seem  to  be  about  200 
to  250  meters. 

"The  above  jihotograph  also  reveals,  under  closest 
examination,  a  long,  straight,  narrow  structure  5  to 
10  kilometers  wide,  running  from  lower  left  to  the 
middle  of  the  right.  The  narrowness  and  faintness 
of  this  particular  lineation  makes  it  imlikely  that  it 
would  be  recognized  from  Eartli,  but,  together  with 
the  clear  tendency  for  many  Martian  craters  to  have 
a  polygonal  shape,  it  gives  evidence  of  the  prevalence 
of  linear  fractures  on  Mars,  as  on  the  Moon." 
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"The  noteworthy  aspect  of  this  Mariner  IV  photo- 
gra])h  [frame  No.  14]  of  the  Martian  smface,"  de- 
clared Robert  P.  Sharp,  of  the  California  Institute 
of  Technology,  "is  not  that  it  shows  more,  larger, 
or  better  craters,  but  that  several  craters  are  outlined 
in  white.  This  has  been  interpreted  as  a  crusting 
of  frost.  Irregular  white  spots  in  the  north-central 
part  of  the  photo  may  be  frosted  areas  in  an  irregidar 
highland. 

"The  location  is  41°  S  latitude  within  the  light 
area   Phaethontis.  The   area  shown   above   is    140  by 


170  miles.  The  time  is  late  afternoon  in  midwinter, 
with  the  Sun  to  the  north  and  30^  above  the  horizon. 
"During  winter  at  this  latitude,  frost  coidd  form 
each  night  over  much  of  the  landscape  and  might 
survive  through  the  dav  in  faxorablv  shadowed  and 
|)ropcrly  located  situations.  Tiie  edge  of  the  south 
polar  cap  is  only  10°  farther  south  at  this  season. 
More  specidative  is  the  nature  of  tiie  frost.  The 
most  acce|)table  cmrent  model  of  the  Martian  at- 
mosphere suggests  that  it  may  be  solid  COj  rather 
than  water  frost." 
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MAN'S   VENTURES 


INTO   SPACE 


MAN'S  VENTURES  INTO  SPACE 


Man  has  been  exploring 
space  since  1961.  By  1968,  30  men  and  one 
woman  had  accumulated  more  than  100  days  of 
space-flight  experience.  It  is  no\v  certain  that 
men  can  live  in  the  weightless  environment  of 
space  for  periods  of  up  to  2  weeks  and  return  to 
Earth  \\ithout  apparent  ill  effects.  In  addition, 
men  ha\e  learned— 

•  To  control  and  navigate  spacecraft. 

•  To  use  tools,  cameras,  and  scientific  instru- 
ments in  flight. 

•  To  operate  outside  a  spacecraft  protected 
only  by  a  spacesuit. 

•  To  carry  oiu  rendezvous  and  docking  with 
another  spacecraft  launched  separately. 

•  To  guide  a  returning  spacecraft  through  the 
atmosphere  to  a  selected  landing  area. 

Thus  far  men's  acti\ities  in  space  have  been 
limited  to  the  region  immediately  surrounding 
their  native  planet.  The  deepest  venture  into 
space  during  NA.SA's  first  decade  \\as  that  of  Astro- 
nauts Charles  Conrad  and  Richard  (icjrdon,  whose 
Gemini  \I  spacecraft,  docked  \\ith  an  Agena  pro- 
pulsion system,  climbed  to  an  altitude  of  853  miles 
over  Australia  in  September  1966.  But  as  the 
Apollo  space  vehicle  and  its  supporting  ground 
equipment  approach  readiness,  men  are  poised  for 
a  leap  across  the  void  in  the  mission  to  the  Moon, 
a  quarter-million   miles  away. 

The  first  man  to  depart  from  Earth  \\as  a  So\ iet 
cosmonaut,  Yuri  Gagarin.  His  Vostok  I  carried 
him  around  the  world  on  .April    12.   1961.     Later 


that  year  another  Soviet  cosmonaut,  Gherman 
Titov,  spent  a  day  in  orbit  before  returning  safely, 
and  t\vo  American  astronaius,  Alan  Shepard  and 
Virgil  Grissom,  made  suborbital  flights  of  .'500 
miles  to  test  the  Mercury  spacecraft. 

Orbital  flights  by  American  astronauts  began  in 
1962.  John  (ilenn  and  .Scott  Carpenter  made 
three  revolutions  each,  and  Walter  Schirra  ex- 
tended this  to  six  revolutions  for  a  total  of  9  hours 
in  flight. 

That  same  year  Soviet  Cosmonauts  Andrian 
Nikolayev  and  Pa\el  Popovich  carried  out  the  first 
dual  space  mission  in\()l\  ing  two  \ehicles  laimched 
separately.  Nikolayev  went  into  orbit  first  and 
Popovich  followed  a  day  later.  Both  stayed  aloft 
for  an  additional  ,'5  days,  in  orbits  that  brought 
their  craft  within  4. .'5  miles  of  one  another.  In 
another  dual  mission  the  next  year.  Cosmonaut 
Valery  Bykovsky  was  in  orbit  5  days  and  a  Soviet 
woman,  Valentina  Tereshkova,  uas  aloft  .'?  days; 
they  came  within  3  miles  of  each  other  in  .space. 

The  United  States  concluded  its  Mercury  pro- 
gram in  1963  with  a  flight  by  Gordon  Cooper  that 
lasted  34  hours.  The  first  spacecraft  to  carry 
more  than  one  passenger  was  the  \^oskhod  I  in 
1964.  In  its  crew  were  the  late  Madimir  Koma- 
rov,  a  pilot;  Konstantin  Feoktistov,  a  scientist;  and 
Boris  Yegorov,  a  physician.  The  photographs  on 
the  next  four  pages  were  taken  from  .American 
single-passenger  spacecraft.  The  others  in  this 
section  were  taken  from  the  two-man  (iemini;  the 
United  States  first  lauiu  hed  its  Gemini  for  testing 
without  a  crew  in   I9()4. 
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From  Cameras  Held  by  Men 


"Sky  is  the  pan  of  creation,"  John  Rnskin  wrote 
long  before  men  soared  into  it,  "in  which  Nature 
has  done  more  for  the  sake  of  pleasing  man,  more 
for  the  sole  piir|)ose  of  talking  to  him  and  teaching 
him.  than  in  any  other  of  her  works.  .  .  ." 

American  astronauts  groped  for  words  to  describe 
their  feelings  when  they  looked  homeward  from  the 
sky.  and  hastened  to  record  on  film  what  they  saw. 

Astronaut  Scott  Carpenter  said  of  the  simset 
above:  "The  beauty  of  this  panorama  is  overwhelm- 
ing. The  brilliance  of  the  colors  and  the  sequence 
in  which  they  appear  defy  description,  and  I  was 
anxious  to  record  it  photographically  so  others 
wotdd  iniderstand.  Even  at  that  time,  however,  I 
was  consoled  by  the  thought  that,  in  contrast  to  the 
e\er-changing  aspect  of  sunrises  and  stmsets  as  seen 


from    the   sinface   of    the    Earth,    those   viewed    from 
space  were  destined  to  be  forever  the  same." 

Astronaiu  John  Gi.enn  wrote  of  the  photo  at 
right:  "This  picture  of  the  Atlas  Mountain  range 
in  Morocco  was  taken  dining  the  first  orbit  of  the 
Friendship  7  flight  on  February  20,  1962.  Since  this 
was  the  first  U.S.  manned  orbital  flight,  this  was  the 
first  landniass  pictiue  taken  following  latuich  ap- 
proximately 23  miniues  earlier.  On  this  flight  I 
used  a  ,S5-mm  hand-held  camera.  Probably  the  most 
significant  thing  aboiu  the  photogra])h  is  that  it 
pointeil  oiu  to  all  of  us  the  \alue  pictures  from 
s]5ace  would  have  for  mapping,  weather  analysis,  etc., 
in  work  that  has  since  been  refined  to  a  higli  degree 
with  other  equipment  on  other  flights  and  other 
projects." 
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John  E.  Naugle,  Associate  Administrator  for  Space 
Science  and  Applications.  NASA,  recalls:  "This  is 
the  first  photograph  of  the  night  airglow  taken  from 
above.  It  was  taken  by  Gordon  Cooper  during  his 
orbital  flight  of  May  15,  1963,  for  an  experiment 
conducted  by  Edward  P.  Ney.  W.  F.  Hutch,  and  F.  C. 
Gillett  of  the  University  of  Minnesota.  The  photo- 
graph is  a  2-minute  exposure  taken  early  in  the  satel- 
lite night  as  the  spacecraft  faced  backward  over  the 
eastern  coast  of  Australia.     The  flashes  in   the  fore- 


groimd  are  individual  lightning  discharges  from  four 
active  regions  in  a  storm.  The  successive  flashes  re- 
cede into  the  distance  as  the  spacecraft  moves  away 
froin  the  storm.  The  airglow  layer,  very  much 
smeared  by  spacecraft  motion,  is  the  greenish  band 
which  begins  in  the  photo  about  an  inch  above  the 
horizon  as  delineated  by  the  lightning  flashes  in  the 
distance.  This  and  other  photographs  show  an  air- 
glow layer  24  kilometers  thick  and  77  to  110  kilo- 
meters above  the  horizon." 
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Astronaut  Gordon  Cooper  wrote  of  this  picture: 
"The  Tibetan  lake  country  was  very  distinctive  in 
that  our  orbits  were  over  primarily  lower  altitude  ter- 
rain of  Arabia  and  India— then  rather  abruptly  you 
came  upon  this  higher  terrain  with  sandy-colored 
soil,  interspersed  with  numerous  lakes.  You  can  see 
patches  of  snow  scattered  about  the  ridges  and  many 
of  the  lakes  are  partially  choked  with  ice.  The  air 
is  very  clear  in  this  area.  This  is  one  area  where 
brown  and  green  colors  appear  as  they  are,  rather 
than  with  a  bluish  tint  from  haze  and  humidity." 


Robert  R.  Gilruth,  Director  of  the  Manned 
Spacecraft  Center,  NASA,  points  out:  "This  photo 
of  the  Himalayan  region  is  almost  vertical  from  an 
altitude  of  approximately  90  nautical  miles.  The 
China-Nepal  border  zigzags  across  the  lower  half  of 
the  picture.  The  largest  single  feature,  approxi- 
mately in  the  left  center,  is  the  completely  snow- 
covered  Gurla  Mandhata  Massif,  with  a  peak  eleva- 
tion of  25  335  feet.  The  high  peaks  in  Nepal  are 
cloud  covered,  but  the  clear  view  of  the  Tibetan  re- 
gion shows  much  hitherto  unknown  detail  of  this 
remote  and  poorly  explored  area  of  Asia." 
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A  New  Art  Germinates 


The  first  two  Gemini  flights  demonstrated  the 
structural  integrity  of  the  U.S.  first  two-passenger 
s])acecraft  and  the  performance  of  the  launch  vehicle 
and  spacecraft  systems.  The  third  was  a  three-orbit 
manned  flight,  and  the  fomth  a  4-day  manned  flight, 
on  both  of  which  the  astronauts  photographed  the 
Earth. 

The  next  seven  ])ictiires  are  examples  of  the  re- 
sidts.  Astronauts  James  A.  McDivitt  and  the  late 
Edward  White  took  them  in  Jime  1965  dining  their 
4  days  in  s]3ace.  The  camera  used  was  a  modified 
Hasselblad,  Model  500  C,  with  a  Zeiss  planar  lens  of 
80-mm  focal  length,  and  the  film  was  Ektachrome 
MC  (S.O.-217).  The  highest  altitude  reached  was 
175  miles,  and  the  lowest  point  while  in  orbit  was 
100  miles. 

The  219  color  j^hotographs  brought  back  by  the 
men  aboard  Gemini  IV  demonstrated  the  ]50tential- 
ities  of  viewing  the  ocean's  surface  and  floor,  the 
shorelines  of  continents  and  islands,  and  the  great 
variations   in    terrain   from   high   altitudes. 

The  photograph  on  the  next  page,  for  instance, 
was  of  especial  interest  because  of  a  cautionary  state- 
ment in  the  U.S.  Naval  Oceanographic  Chart  HO- 
5394,  "Crooked  Island  Passage,"  dated  No\  ember  1965. 
It  read:   "The  charted  position,  size,  shape,  and  ori- 


entation of  the  islands  in  the  Bahama  Islands  are 
unreliable."  When  the  outlines  of  the  charted  is- 
lands and  those  in  photographs  of  the  Bahama  Is- 
lands taken  from  s])ace  were  compared,  the  validity 
of  this  warning  was  readily  apparent.  These  islands 
are  close  to  the  United  States  and  men  have  sailed 
through  the  passages  between  them  for  himdreds  of 
years,  yet  never  could  see  the  contoms  before  in  the 
way  they  were  visible  in  photographs  taken  from 
spacecraft. 

On  this  same  flight,  two  famous  river  moiuhs,  those 
of  the  Nile  and  the  Colorado  Rivers,  were  photo- 
gra])hed  as  entities  for  scientists  examining  interac- 
tions between  such  features  of  the  Earth  and  men's 
activities.  These  imprecedented  views  are  repro- 
duced on  pages  144  and  1  15.  The  pictiue  of 
the  Colorado  River's  moiuh  was  one  of  a  series  of 
overlapping  photos  of  North  America  which,  when 
\  iewed  together,  tell  scientists  more  than  can  be  as- 
certained   fmm   a   single   |jhotogra])h. 

The  other  Gemini  IV  pictures  shown  here  include 
desert  areas  of  both  the  Old  World  and  the  New 
World,  an  enormous  structure  in  Mainitania  that 
has  long  puzzled  geologists,  and  finally  the  Florida 
Ke\s,  an  area  with  which  many  .\mericans  ha\e  long 
been  familiar. 
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"Acklins  and  Crooked  Islands  in  the  Bahamas," 
says  Robert  E.  Stevenson  of  the  Bureau  of  Com- 
mercial Fisheries,  Department  of  the  Interior,  "are 
typical  of  shoals  and  islands  that  rise  abrujJtly  from 
ilepths  of  2000  meters  in  these  waters.  Sunlight  re- 
flecting   from    brilliantly    white    calcareous    sand    at 


depths  less  than  5  meters  produces  the  vivid  lighi-blue 
color  aroimd  the  islands.  The  wave  pattern  anil  cur- 
rent eildies  in  the  reflection  from  the  Sim  are  formed 
aroimd  nearby  banks,  with  narrow,  bright,  irregular 
sea  slicks  indicating  the  water  motion.  A  spacecraft 
ofi^ers  a  new  means  of  charting  shoals  and  shorelines." 
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"For  centuries  man  has  looked  on  the  Nile  Valley 
as  one  of  the  cradles  of  civilization, "  Astronaut 
Frank  Borman  noted.  "Generations  have  explored, 
excavated,  and  interpreted  the  significance  of  the  Nile 
and  its  delta,  but  it  was  not  until  1965  that  the 
world  received  its  first  panoramic  view  of  this  sprawl- 


ing spectacle  on  the  northern  coast  of  Africa.  This 
picture  revealed,  for  the  first  time  as  an  entity,  the 
500  000-square-mile  delta  with  its  collar  of  wind- 
whi|)ped  rock  and  desert.  This  jihotograjih  became 
an  important  data  point  in  man's  quest  to  under- 
stand his  environment." 
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"This  photograph,"  says  Robkrt  O.  Piland,  Man- 
ned S])acecraft  Center,  NASA,  "is  one  of  an  over- 
lapping series  extending  from  the  Pacific  coast  of 
Mexico  to  central  Texas.  This  frame  shows  the 
Colorado  River  entering  the  Gulf  of  California. 
Considerable  geologic  detail  is  apparent.     The  sinu- 


ous pattern  in  the  gulf  was  originally  identified  as 
turbidity  currents.  The  Naval  Oceanographic  Of- 
fice has  since  demonstrated  that  this  pattern  is  the 
bottom  topography  of  the  gulf,  which  is  relatively 
shallow  in  this  area.  An  orbital  view  of  sediment 
distribution  can  be  of  great  value  to  oceanographers." 
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"In  the  southwestern  portion  of  the  Rub  al  Khali, 
or  Empty  Quarter  on  the  Arabian  Peninsula,"  says 
Richard  W.  Underwood  of  the  Manned  Spacecraft 
Center,  NASA,  "we  see  the  long,  parallel  'self  dune 
ridges  which  run  unbroken  for  up  to  400  miles  and 
in  some  instances  are  500  feet  in  height.     The  hol- 


lows between  the  ridges  expose  the  bedrock  and 
gravel  flats.  The  background  shows  part  of  Arabia's 
Hadramawt  Plateau.  This  portion  of  Arabia  is 
]3oorly  explored.  Photographs  which  show  such  large 
portions  of  the  Earth's  surface  provide  information 
previously  denied  the  geoscientist." 
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"An  area  approximately  70  miles  on  a  side  within 
the  picture,"  says  A.  H.  Chiuestkr  of  the  Astrogeol- 
ogy  Branch,  U.S.  Geological  Survey,  "is  in  the  So- 
noran  Desert  in  Mexico.  It  encompasses  a  surpris- 
ing range  of  climatic  conditions,  from  the  barren 
desolation  of  the  Desierto  del  Altar  to  the  lush  vegeta- 


tion of  the  'arboreal  desert.'  Geologically  the  area 
is  famous  for  its  fine  display  of  volcanic  features. 
Complex  volcanic  mountains,  cinder  cones,  wide 
craters,  and  flows  are  clearly  visible  in  the  photo- 
graph. Two  of  the  maars  have  served  as  sites  for. 
training  astronauts  in  field  geology." 
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"The  22-mile-wide  Richat  structure  in  Mauritania 
is  one  of  the  most  spectacular  geologic  features  in 
Africa, "  according  to  Paul  D.  Lowman,  Jr.,  of  the 
Goddard  Space  Flight  Center,  NASA.  "Resembling 
a  gigantic  bidl's-eye,  the  Richat  is  a  series  of  con- 
centric  ridges   of   resistant   sedimentary   rock.     Struc- 


turally it  is  a  domal  uplift;  its  innermost  rocks  are 
Lower  Cambrian  limestones,  surrounded  by  progres- 
sively yoimger  rocks.  The  origin  of  this  immense 
dome  is  not  clearly  imderstood.  This  synoptic  view 
of  the  entire  Richat  structure  and  the  surrounding 
area  may  throw  new  light  on  its  origin." 
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"The  Florida  Keys  and  the  tip  of  the  mainland 
were  ])hotographed  as  part  of  an  experiment  in 
synoptic  terrain  photography,"  says  Christopher  C. 
Kraft,  Director  of  Flight  Operations,  Manned  Space- 
craft Center.  NASA.  "This  photograph  represented 
a  new  era  in  the  study  of  the  Earth  and  its  resources, 


just  as  Gemini  IV  represented  the  beginning  of  a  new 
era  in  long-duration  manned  s])ace  flight."  The 
Everglades  are  in  the  upper  left.  .\n  angidar  line 
in  the  upper  center  is  a  road  leading  to  Key  Largo. 
Shoal  areas  from  there  to  Boca  Chica  Key  are  visi- 
ble.    The  whitish  area  is  Sun  glitter  on   the  water. 
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Men  Stepped  Out  in  1965 


Cosmonaut  Alexei  Leonov  (above)  stepped  out- 
side of  the  Soviet  Voskhod  II  for  man's  first  "walk" 
in  space  on  March  18,  1965.  His  command  pilot, 
Pavei.  Belyayev,  photographed  him  and  recalled 
later: 

"Having  satisfied  myself  that  all  of  Alexei  Leonov's 
life-support  systems  were  functioning  normally  and 
his  pxdse  and  res])iration  were  norma],  I,  at  the  pre- 
scribed time,  gave  him  the  order  to  emerge  into  outer 
space.  During  the  periotl  when  Leonov  was  in  outer 
space,  I  followed  all  his  actions  using  a  TV  installa- 
tion for  this  purpose.  The  TV  camera  operated 
very  well  and  clearly.  I  saw  in  detail  all  the  actions 
conducted  by  Leonov  in  outer  space.  I  wms  in  con- 
stant communication  with  him  by  telephone,  and  the 
instruments  in  the  cabin  helped  me  to  (heck  the 
fimctions  of  his  individual  life-support  system.  All 
the  nunemenis  along  the  spaceship's  oiuer  shell  as 
well  as  pushes  coidd  be  heard  distinctly  inside  the 
shijj.  Thus,  besides  all  the  envisageil  systems  for 
control  of  the  cosmonaut's  movements  in  outer  space, 
there  appeared  an  addiiioiial  souiul  system  of  con- 
trol. The  cosmonaut's  entry  into  the  s])acecraft  was 
(arried  out  in  jjrecise  accordance  with  the  program." 


.\stronaut  Edward  H.  White  (above  and  on  the 
facing  page)  was  the  first  American  to  leave  the 
cabin  of  an  orbiting  spacecraft.  He  ventured  out  of 
Gemini  IV  on  June  3,  1965,  and  his  command  pilot, 
James  A.  McDivitt,  wrote  of  the  picture  above: 

"The  hand-held  maneuvering  unit  in  his  left  hand 
was  used  for  maneuvering  near  the  spacecraft,  while 
the  camera  moimted  on  top  of  it  was  used  for  EVA 
(extravehicidar  activity)  photogra])hy.  The  chest- 
])ack  strapped  to  the  harness  received  oxygen  from 
the  spacecraft  through  the  gold  umbilical  and  sup- 
plied oxygen  to  the  suit  for  both  pressurization  and 
breathing. 

"The  flight  helped  to  demonstrate  the  feasibility 
of  EV.A  and  the  usefidness  of  a  maneuvering  luiit  when 
not  in  contact  with  a  spacecraft." 

Extravehicular  activity  later  proved  somewhat 
more  difficult  than  was  anticipated,  and  AstronaiU 
Kihvin  ¥..  .\ldrin.  |r..  who  is  shown  engaged  in  it  on 
|)p.  1S3  and  181.  used  body  tethers  anti  handholds. 
^\'ilh  these,  he  successfully  obtained  experience  in 
ihc  iicrformancc  of  basic  tasks  with  electrical  and 
lliiid  cotniectors.  hook-and-ring  combinations,  plastic 
stri])s,  and  fixed  and  removable  bolts. 
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Astronaut  Edward  H.  White's  recollections  were 
as  follows:  "This  was  a  ])icture  taken  bv  mv  team- 
mate, James  A.  McDiviti,  on  the  third  re\oIution  of 
Cieniini  I\'.  I  hatl  a  specialh  designed  s|jacesuii 
which  had  21  layers  of  thermal  and  micrometeoroid 
protection.  My  face  was  protected  by  a  douliie  gold- 
plated  visor  which  jjrovided  |jroieciion  from  the  im- 
filtered  rays  of  the  Sun.  In  my  hand  I  held  a  small 
self-maneuvering  unit  which  gave  me  control  of  my 
movements  in  space.  On  my  chest  was  an  oxygen 
chestpack   that   regidated   the   flow  of  oxygen   to   my 


suit  and  pro\ided  an  Sminute  supph  of  emergency 
oxygen.  1  was  secured  to  ihe  spacecraft  bv  a  25-foot 
uml)ili(al  line  and  a  2.S-font  tether  line,  which  were 
secured  together  and  wra])]5ed  with  a  golden  tape  for 
thermal  insuhition.  On  the  top  of  the  hand-held 
self-mancu\ci  ing  unit  was  mounted  a  ,'?5-mm  camera 
to  record  the  e\cnt  from  outside  the  spacecraft." 

.Astronaut  ^\'hite  died  2  years  later,  with  .Astro- 
nauts \'itgil  Cirissom  and  Roger  Chaffee,  when  fire 
swc|)t  the  interior  of  an  .\pollo  spacecraft  at  Cape 
Kenneih. 
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A  Variety  of  Shores 


Flight  durations  grew  longer  in  1965.  In  August, 
Astronauts  L.  Gordon  Cooper  and  Charles  Conrad, 
Jr.,  circled  the  world  120  times,  in  190  hours  and  55 
minutes,  and  returned  with  250  photographs  in  color. 
They  used  a  NASA-modified  hand-held  Hasselblad, 
and  both  Ektachrome  MS  (S.O.-217)  and  Ansco- 
chrome  D-50  film. 

The  nine  examples  of  their  work  which  follow 
show  areas  where  Earth's  lands  and  waters  meet. 
All  of  the  Gemini  flights  were  within  a  band  extend- 
ing from  30°  N  to  30°  S.  Hence  none  of  these 
portraits  of  the  Earth's  surface  includes  the  difficult- 
to-explore  regions  near  the  poles.  Even  so,  they 
show  great  variations  in  the  contour  of  the  surface 
and  demonstrate  the  advantages  of  space  photog- 
raphy  in   both    thinly   and   densely   populated   areas. 

Like  many  other  Geinini  photographs,  the  one  on 
the  facing  page  encompasses  a  broad  span  of  scien- 
tific disciplines.  For  the  meteorologist,  there  are  cir- 
rocumiilus  cloud  formations  indicative  of  the  wind 
activity  off  the  coast  of  California.  The  coastline 
is  well  defined,  and  the  absence  of  sediment  offshore 
is  characteristic  of  a  dry  summer  that  resulted  in 
little  runoff.  The  haze  layer  covering  Los  Angeles 
is  typical  of  the  season  in  that  wind  patterns  aided 
by  the  surroimding  moimtain  ranges  tend  to  amplify 
that  area's  smog  situation.  Farther  inland,  a  broad 
sweep  of  the  mountain  ranges  and  the  desert  beyond 
are  visible  in  fair  detail  for  the  geologist. 

The  other  pictures  in  this  section  include  new  and 
spectacidar  views  of  the  first  part  of  the  New  World 
to  be  described  by  Europeans,  the  Bahama  Islands 
and  the  peninsida  of  Florida.  These  are  followed 
by  one   of   islands   in    the   Mediterranean    that   have 


figured  prominently  in  men's  affairs  for  centuries, 
three  pictures  of  Africa,  and  two  more  taken  over  the 
Pacific   Ocean. 

"As  pressures  on  natural  resources  increase,  be- 
caiLse  of  growing  populations  and  rising  standards  of 
living,"  Robert  N.  Colwell  of  the  University  of  Cali- 
fornia at  Berkeley  told  Scientific  American  readers 
in  January  1968,  "it  becomes  steadily  more  important 
to  manage  the  available  resources  effectively.  The 
task  requires  that  accurate  inventories  of  resources 
be  ])eriodically  taken.  Until  as  recently  as  a  genera- 
tion ago,  such  inventories  were  made  almost  entirely 
on  the  ground.  Geologists  traveled  widely  in  explor- 
ing for  ininerals;  foresters  and  agronomists  examined 
trees  and  crops  at  close  hand  in  order  to  assess  their 
condition;  surveyors  walked  the  countryside  in  the 
course  of  preparing  the  necessary  maps.  The  ad- 
\ent  of  aerial  photography  represented  a  big  step 
forward." 

Photography  from  orbiting  platforms  represented 
a  further  advance.  So,  too,  did  improvements  in 
cameras  and  the  development  of  additional  remote 
sensing  apparatus.  Many  bands  of  the  electromag- 
netic spectrum  outside  of  the  visible-light  portion 
now  can  be  used  to  obtain  information  to  supple- 
ment that  provided  by  conventional   photography. 

Gemini  V  photography  greatly  encomaged  the 
Earth  Resoiuxes  Survey  program  in  which  NASA  is 
jjarticipating  with  such  user  agencies  as  the  Depart- 
ment of  Agricidtine,  the  Department  of  Commerce, 
and  the  Department  of  the  Interior.  The  program's 
overall  objectives  are  to  determine  those  Earth  re- 
source data  that  best  can  be  acquired  from  space,  and 
to  develop  further  man's  technological  capabilities. 
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"It  was  3  minutes  past  11  o'clock  in  Los  Angeles, 
on  the  far  left,  when  this  photograph  was  taken," 
says  Samuel  H.  Hubbard,  then  Special  Assistant, 
Gemini  Programs,  NASA.  "San  Clemente  Island 
and  Santa  Catalina  Island  resemble  steppingstones 
leading  to   Long  Beach.     The   coast   is   visible  from 


about  Malibii  to  Bahia  del  Descanso,  Mexico,  the 
indentation  on  the  extreme  right.  The  inlet  right 
of  center  is  San  Diego  Bay,  and  the  moimtain  ranges 
around  Los  .Angeles  are  in  the  backgroimd.  Behind 
them  lies  the  Mojave  Desert.  The  Imperial  Valley 
and  the  Salton  Sea  are  in  the  upper  right." 
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"Clearly  visible  here,"  Kurt  H.  Debus,  Director  of 
the  John  F.  Kennedy  Space  Center,  points  out,  "is 
the  peninsula  which  has  been  the  setting  for  all 
NASA  manned  flights  and  many  of  the  unmanned 
scientific  space  exploration  missions.  Launch  com- 
plexes, road  networks,  and  the  causeways  connecting 


Cape  Kennedy  and  the  adjacent  John  F.  Kennedy 
Space  Center  with  mainland  Florida  can  be  readily 
identified.  The  Gemini  photography  demonstrated 
the  capabilities  of  ]5hotographing  Earth  landmarks 
from  an  orbiting  spacecraft.  Succeeding  manned 
missions  employed  these  photographs  for  reference." 
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"This  striking  photograph  has  done  much  to  gal- 
vanize the  thinking  of  scientists  to  the  possibihties  of 
doing  oceanography  from  space,"  says  Arthur 
Alexiou  of  the  National  Science  Foundation.  "The 
lower  left  shows  the  Tongue  of  the  Ocean,  a  deep- 
ocean    reentrant     incised    into    the    Great    Bahama 


Rank.  To  the  east  are  Exuma  Sound  (a  similar 
channel)  and  the  Cat,  Great  Exuma,  Long,  and 
Eleuthcra  Islands.  The  sharj)  color  demarcation 
hints  the  channel  walls  must  be  very  steep.  The 
unexpectedly  clear  definition  of  bottom  topography 
suggests  use  of  space  photography  for  mapping  it." 
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The  clockwise  stratocumiilus  cloud  spiral  at  the 
left  was  northwest  of  Ifni,  a  Spanish  possession  sur- 
rounded by  Morocco.  Inland  are  7700-foot  peaks 
of  the  Anti-Atlas  Mountains  and  the  Jabel  Quarkziz. 
"The  spiral,"  says  Norman  G.  Foster,  Manned 
Spacecraft  Center,  NASA,  "represents  a  lee  eddy  in- 


duced by  the  airflow  around  Cape  Rhir  to  the  north. 
Tals  Mountain  peaks  also  influenced  the  formation. 
Tiros  X  photographed  this  area  about  an  hour  later. 
A  detailed  comparison  of  the  two  views  was  published 
by  the  Department  of  Commerce  in  the  May  1966 
Monthly    Weather  Review." 
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"This  picture  of  southwest  Africa  covers  a  com- 
plex geological  and  geographical  area  that  has  not 
been  fully  exploited  but  that  is  of  proven  economic 
importance,"  says  Richard  J.  Allenby,  Deputy  Di- 
rector, Manned  Flight  Experiments  Office,  NASA. 
"The  northern  flowing  Bengula  current  has  shaped 


the  encroaching  land  sands  into  a  series  of  great 
hooks.  Walvis  Bay.  the  chief  port  of  .southwest 
Africa,  is  inside  the  northernmost  sandhook,  pro- 
tected from  the  .\tlantic  by  5-mile-long  Pelican  Point. 
.A  strip  of  the  coast  extending  south  out  of  the  ]mc- 
ture  is  a  restricted  diamond  mining  area." 
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Over  the  Mediterranean  Sea  this  photo  was  taken. 
"The  islands  of  Crete,  Carpathos,  and  Rhodes  are 
in  the  center  foreground  from  left  to  right,"  says 
John  R.  Brinkman,  Chief,  Photographic  Technology 
Laboratory,  Manned  Spacecraft  Center,  NASA. 
"The    view    is    toward    the    north-northwest    looking 


into  the  Aegean  Sea.  The  Cyclades  Islands  are  in 
the  u|)per-left  center;  the  northern  Grecian  mainland 
is  under  the  cloud  cover  in  the  ujsper  center.  The 
coast  of  Turkey  can  be  seen  on  the  extreme  right. 
One  could,  if  desired,  pinpoint  renowned  and  ancient 
battlefields  in  this  picture." 
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This  view  of  the  Nile  Deka  covers  nearly  500 
square  miles.  "Gross  land-use  patterns  are  appar- 
ent," notes  Arch  C.  Gerlach  of  the  U.S.  Geological 
Survey.  "Dark,  irrigated  croplands  contrast  sharply 
with  the  desert.  Light  sjjots  show  the  extent  and 
.shape  of  nearly  400  populated  })laces.  of  which   the 


more  conspicuous  are  Cairo  near  the  delta  ajiex  (in 
lower  center)  ,  Banha  and  Zifta-Mit  Gamr  along  the 
Nile  to  the  north,  and  Tanta  in  the  upper  left  corner. 
The  apparently  trifold  distribution  of  urban  renters 
has  theoretical  importance  as  a  support  for  Chris- 
laller's  central  place  iheor\  applied  to  deltas." 
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"Honshu,  the  largest  of  the  four  main  islands  of 
Japan,  is  shown  here  with  the  Pacific  Ocean  in  the 
foreground  and  the  Sea  of  Japan  in  the  background," 
reports  one  of  the  principal  investigators  for  the 
Gemini  synoptic  terrain  and  weather  photography 
experiments,  Paul  D.  Lowman,  Jr.,  of  the  Goddard 


Space  Flight  Center,  NASA.  "Osaka,  a  city  of  more 
than  8  million,  is  situated  at  the  far  left  on  Osaka 
Wan  (bay) .  The  port  of  Nagoya  is  at  the  upper 
right  edge  of  Ise  Wan  in  the  foreground."  Honshu 
is  a  moinitainous  island  with  a  coastline  that  has  both 
steep  cliffs  and  lowlands  with  fine  harbors. 
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"Here  the  island  of  Hawaii  with  its  volcanic  peaks 
of  Mauna  Loa  and  Maiina  Kea  is  veiled  by  Pacific 
clouds,"  Stanley  Soliles  of  the  National  Environ- 
mental Satellite  Center  has  pointed  out.  "Partly  hid- 
den by  the  clouds  on  the  right  are  the  islands  of 
Maui,    Kahoolawe,    Lanai,    Mokokai,     and     Oahu. " 


Populated  first  by  men  navigating  by  the  stars  in 
double-hulled  canoes,  the  State's  many  islands  and 
islets  extend  across  the  Pacific  for  1600  miles  and 
have  figured  increasingly  in  world  affairs.  Mark 
Twain  called  this  "the  loveliest  fleet  of  islands  that 
lies  anchored  in  any  ocean." 
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There  are  34  atolls  and  hundreds  of  coral  reefs  in 
the  Marshall  Islands.  "This  picture,"  says  Willis 
B.  Foster,  Director,  Manned  Flight  Experiments  Of- 
fice. NASA,  "includes  all  of  Rongelap  (in  center)  , 
Alinginae  (at  top)  ,  and  a  tip  of  Rongerik  (at  bot- 
tom) .     Rongelap  is  about  60  miles  long.     All  three 


are  typical  North  Pacific  atolls,  consisting  of  an  an- 
nular reef,  probably  lying  on  top  of  a  trimcated 
volcano.  Islands  along  the  reef  can  be  built,  moved, 
or  destroyed  by  a  single  storm  or  by  subsidence  of  the 
volcano.  Photos  such  as  this  will  add  immeasurably 
to  study  of  their  formation,  life,  and  death." 
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Guadalupe  Island,  Mexico,  is  in  the  foreground 
and  Baja  California  in  the  background  of  this  photo 
of  a  double  vortex  in  stratocumulus  clouds.  "Such 
vortices,"  says  Kennkth  M.  Nagler,  Chief.  Space  Op- 
erations Support,  Environmental  Science  Services  Ad- 
ministration,   "are    produced    when    the    wind    flows 


past  the  moimtain  island  (a  peak  of  4257  feet)  in 
much  the  saine  way  that  eddies  are  induced  by  an 
obstruction  in  a  flow  of  water.  Although  these  vor- 
tices are  not  related  to  severe  weather,  their  forma- 
tion and  movement  is  under  investigation— largely  to 
determine  what  they  reveal  about  the  atinosphere." 
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Rendezvous  at  17000  mph 


In  December  1965,  two  Gemini  spacecraft  were 
aloft  at  the  same  time.  In  Gemini  VI,  Walter  M. 
Schirra,  Jr.,  and  Thomas  P.  Stafford  went  around  the 
world  15  times,  and  in  Gemini  VII,  Frank  Borman 
and  James  A.  Lovell,  Jr.,  completed  206  revolutions 
—taking  more  pictures,  frequently  with  the  same 
kind  of  Hasselblad  used  on  earlier  flights,  from  alti- 
tudes that  ranged  up  to  200  miles. 

Gemini  VI  was  piloted  into  the  same  orbit  as 
Gemini  VII  and  the  two  craft  remained  together  for 
more  than  5  hours,  at  times  only  a  foot  apart. 


"My  first  indication,"  Astronaut  Walter  M. 
Schirra,  Jr.,  wrote  of  the  picture  below,  "was  that 
there  was  an  exceptionally  bright  star  out  there, 
probably  Sirius.  A  good  look  at  the  constellations 
in  the  Sirius  and  Orion  area  indicated  no  bright 
star  at  that  location.  It  had  to  be  spacecraft  VII. 
It  disappeared  like  a  light  going  out  when  it  went 
behind  the  terminator  at  43  miles'  range.  When  we 
both  came  into  the  sunlight  again,  we  were  at  ren- 
dezvous. On  the  next  revolution,  Tom  [Astronaut 
T.  P.  Stafford]   took  this  photo." 
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The  picture  at  the  right  was  taken  from  Gemini 
VI  of  Gemini  VII  while  they  were  about  13  feet 
apart  on  December  15,  1965.  Astronaut  Thomas  P. 
Stafford  remembers:  "The  ability  to  take  this  photo 
was  very  gratifying  after  the  numerous  delays  we 
encountered  in  performing  the  world's  first  rendez- 
vous mission.  The  Gemini  VI  spacecraft  was 
laimched  on  the  third  attempt  to  perform  the  ren- 
dezvous and  performed  it  flawlessly.  After  the  hard 
work  and  effort  of  over  a  year,  we  finally  achieved  the 
key  step  that  will  lead  us  to  the  lunar-landing  mis- 
sion. The  sight  was  utterly  fantastic  to  fly  in  close 
formation  as  we  have  done  for  many  years  in  fighter 
aircraft,  but  at  17  000  miles  an  hour.  The  photo 
illustrates  that  man  can  control  a  space  vehicle  with 
preciseness  in  close  vicinity  to  another  vehicle." 


"One  of  the  tasks  of  Gemini  VI  was  to  inspect  the 
condition  of  Gemini  VII  after  12  days  of  space  flight," 
Astronaut  James  A.  Lovell,  Jr.,  wrote  as  a  caption 
for  the  lower  picture  here.  "The  photograph  shows 
the  operation  being  conducted  along  the  right  side 
of  Gemini  VII.  Clearly  visible  are  the  atmospheric 
heating  effects  in  the  paint  of  the  words  'United 
States'  and  in  the  U.S.  flag.  In  the  center  of  the 
spacecraft  can  be  seen  the  buildup  of  frozen  urine 
particles  on  the  triangular  red-rubber  structure  ac- 
cumulated after  12  days  of  dumping.  On  the  white 
adapter  area  just  behind  the  shadow  of  the  infrared 
sensor  door  are  scattered  particles  of  frozen  fluid 
vented  from  that  device.  A  close  examination  of 
the  window  will  reveal  me  peering  anxiously  out  of 
the  corner  as  Gemini  VI  disappears  behind  us.  The 
rendezvous  of  Gemini  VI  with  Gemini  VII  was  a 
milestone  in  space  flight.  It  was  the  first  opportu- 
nity to  closely  examine  a  space  vehicle  in  orbit  and 
proved  our  concept  of  rendezvous." 
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"The  initial  impression  is  that  this  ])hotograph 
indicates  a  tropical-storm-cloud  system,"  Kenneth 
S.  Kleinknecht,  Deputy  Manager,  Gemini  Program, 
Manned  Spacecraft  Center,  NASA,  says  of  this  pic- 
ture in  which  Baja  California  and  the  gulf  between 
it  and  Mexico  are  discernible.     "Closer  examination 


reveals  a  cloud  mass  associated  with  a  low-pressure 
center.  The  large,  circular  cloud  pattern  in  the  cen- 
ter is  thick  altocumulus.  Gemini  jihotographs  have 
given  men  a  clearer  imtlerstanding  of  weather  phe- 
nomena, as  well  as  information  to  aid  in  interpreta- 
tion  of   weather-satellite   photographs." 
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This  "majestic  roof,  fretted  with  golden  fire"  lay 
below  Gemini  VII  as  it  crossed  South  America. 
"The  low  angle  of  the  setting  Sun  produced  this  un- 
usual glow  of  clouds  along  the  Andes  Moimtains," 
says  Lkroy  E.  Day.  A])o11o  Program  Test  Director. 
"This    ])icture    looks    south    from    northern     Bolivia 


across  the  .\ndes  Moimtains,  and  illustrates  the  ex- 
tensive cloud  cover  seen  in  that  area.  The  Gemini 
VII  mission  jsroduced  a  wealth  of  medical,  scientific, 
and  operational  data  which  clearly  established  man's 
ability  to  work  usefidly  during  a  2-week  spare  flight 
and  return  to  Earth  in  good  health." 


GEMINI  VII 


167 


"When  northeast  winds  blow  past  the  mountainous 
Canary  Islands,"  says  Stanley  Soules  of  the  National 
Environmental  Satellite  Center,  "they  frequently  are 
swirled  into  eddies  that  show  up  in  the  stratocumu- 
lus  clouds.  The  12  198-foot  cratered  mountain  on 
Tenerife  is  in  the  upper  right,  and  Gomera,  partly 


hidden  by  clouds,  is  farther  left.  The  eye  of  the 
center  eddy  is  about  13  miles  across.  Two  other  eddies 
rotating  clockwise  are  near  it.  The  cloud  tops  are 
about  3500  feet  high.  A  temperature  inversion  exists 
at  this  altitude  and  a  chain  of  eddies  analogous  to  a 
Kiirman  vortex  street  has  formed  downwind." 
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Natives  call  this  harsh,  lifeless  plain  in  Africa's 
western  Sahara  the  Tanezrouft,  or  "Land  of  Terror." 
Paul  E.  Purser,  Special  Assistant  to  the  Director, 
Manned  Spacecraft  Center,  NASA,  says:  "The  long 
stripes  from  northeast  to  southwest  are  'seif'-type 
sand  dunes.     The  sand,  obviously  blown   in   from  a 


distant  area,  is  slowly  migrating  across  the  bedrock. 
Photographs  covering  such  large  areas  provide  a  great 
deal  of  data  on  such  regional  migrations  of  sand 
dimes  and  their  geomorphologic  aspects.  The  conti- 
nuity of  features  and  their  gradations  are  often 
masked  in  mosaics  of  low-altitude  photographs." 
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"This  desert  photograph  of  North  Africa,"  says 
Astronaut  James  A.  Lovell  Jr.,  "is  typical  of  the 
beautiful  but  desolate  views  this  part  of  the  world 
offers  to  the  space  traveler.  The  area  was  almost 
always  free  of  clouds  and  a  delight  to  photograph  be- 
cause it  presented  a  vast  array  of  brilliant  colors  with- 


out haze  obstructions.  The  photograph  dramatically 
shows  the  results  of  wind  and  water  erosion.  For 
hundreds  of  miles  one  could  see  row  after  row  of 
sand  dunes  surrounded  by  deeply  scarred  mountains. 
It  was  truly  the  most  interesting  area  of  the  world 
to  view  from  space."    This  field  was  in  Algeria. 
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"This  unprecedented  synoptic  view  of  Lake  Chad 
in  Africa,"  says  William  T.  Pecora,  Director  of  the 
U.S.  Geological  Survey,  "illustrates  a  major  contribu- 
tion to  broad-scale  studies  of  hydrology  in  less- 
developed  countries.  The  remarkable  transitional 
nature  of  the  eastern  shore  is  easily  seen.     The  land 


consists  of  sand  dunes  of  various  heights  and  con- 
figurations, and  there  is  a  gradual  change  from  dry 
land  to  land  with  ponds,  to  land  with  bays,  to  bays 
with  |3eninsiilas  and  islanils.  lo  islands,  to  o])en  lake. 
The  westward  limit  of  the  submerged  dunes  shows 
the  extent  of  the  lake  during  past  dry  periods." 
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Targets  Attained 


Another  key  event  came  March  16,  1966:  The  first 
dual  launch  and  docking  of  a  manned  U.S.  space- 
craft with  an  unmanned  target  vehicle.  The  astro- 
nauts were  Neil  A.  Armstrong  and  David  M.  Scott. 
The  picture  below  was  taken  when  the  target  was 
about  45  feet  from  the  nose  of  their  spacecraft  (at 
lower  left) .  "This  Agena  target  vehicle,"  Armstrong 
notes,  "was  the  first  unmanned  satellite  successfully 
photographed  from  space.  The  picture  was  taken 
over  South  America  by  David  Scott,  just  prior  to  the 
first  successful  docking  of  two  spacecraft  on  the  flight 


of  Gemini  VIII.  It  clearly  indicates  the  detail  in 
which  one  satellite  can  be  observed  from  another. 
This  photograph  is  a  particularly  good  replica  of 
the  actual  view  seen  with  the  eye,  with  the  excep- 
tion of  the  brilliance  of  the  white  and  metallic  parts 
of  the  Agena,  never  yet  captured  on  film."  A  short 
circuit  in  the  orbital  attitude  maneuvering  system 
that  bled  fuel  through  one  thruster  necessitated  cur- 
tailment of  the  Gemini  VIII  flight  and  the  astronauts 
descended  to  a  preplanned  emergency  landing  area 
in  the  Pacific. 
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A  volume  of  memorable  Gemini  photographs 
would  be  incomplete  without  this  one  taken  on  June 
3,  1966.  William  C.  Schneider,  who  is  now  Mission 
Director  of  the  Apollo  Program,  explains  this  star- 
tling sight  in  this  way:  "Four  hours  and  8  minutes 
after  liftoff,  Astronauts  Tom  Stafford  and  Eugene 
Cernan  had  their  first  view  of  their  rendezvous  tar- 
get, 'the  angry  alligator.'  The  shroud  covering  the 
target,  the  augmented  docking  adapter,  had  not  sep- 
arated and  was  held  by  a  restraining  band.  Docking 
of  the  two  vehicles  was  impossible.  After  a  careful 
inspection  and  report  on  the  conditions,  the  con- 
tingency flight  plan  was  initiated  and  the  mission 
continued.  Two  additional  rendezvous,  two  extra- 
vehicidar  exercises,  and  five  scientific  and  technical 
experiments  were  performed  prior  to  a  near-perfect 
reentry  and  landing." 


James  Elms,  former  Deputy  Associate  Administra- 
tor for  Manned  Space  Flight,  who  now  directs 
NASA's  Electronics  Research  Center,  continues  the 
account  of  that  1966  flight  of  Gemini  IX  in  this 
legend  for  the  photo  below  on  this  page.  The  picture 
was  taken  by  Cernan  from  the  end  of  the  umbilical. 
"After  successfully  completing  their  assigned  rendez- 
vous exercises.  Astronauts  Tom  Stafford  and  Gene  Cer- 
nan elected  to  conduct  the  first  of  two  scheduled  extra- 
vehicular periods  on  the  third  day.     Cernan  first  per- 


formed several  tasks  involved  with  the  evaluation  of 
tether  dynamics— notice  the  'rearview'  mirror  at- 
tached to  the  docking  bar  and  the  movie  camera 
attached  beyond  the  hatch.  Later  Gene  moved  to 
the  rear  of  the  spacecraft  where  he  attempted  to  don 
the  astronaut-maneuvering  imit,  a  back-mounted 
'personal  rocket.'  Unfortimately,  this  task  was 
harder  to  accomplish  than  anticipated  and  this  ex- 
travehicular exercise  was  terminated." 
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"Here  we  are  checking  the  various  systems  on 
our  Gemini  X  Agena  target  vehicle  prior  to  lighting 
its  large  engine  for  the  first  time,"  Astronaut  John 
W.  Young  reports  regarding  this  picture.  "The 
Agena  is  also  controlling  our  attitude,  a  convenient 
way  of  keeping  us  level,  but  one  which  doesn't  allow 
a  very  good  look  at  the  world  below.  That  little 
piece  of  blue  and  white  in  the  lower  corner  of  the 
window  was  all  the  scenery  we  saw  for  a  day  and 
a  half." 


Above 

and  Beyond 


In  the  summer  of  1966,  Gemini  IX  and  X  left 
Cape  Kennedy  to  continue  rendezvous,  extravehicu- 
lar activity,  and  other  experiments.  Astronauts 
Thomas  P.  Stafford  and  Eugene  A.  Cernan  com- 
pleted 44  revolutions  aboard  Gemini  IX,  and  John 
W.  Young  and  Michael  Collins  completed  43  on 
Gemini  X.  The  latter  docked  their  spacecraft  with  an 
Agena  target  vehicle  and  then  used  its  propulsion 
system  to  shift  them  into  an  orbit  that  reached  an 
altitude  of  475  miles. 

Their  cameras  included  not  only  the  NASA-modi- 
fied Hasselblad  Model  500-C  used  successfully  on  pre- 
vious flights,  but  also  super-wide-angle  Hasselblads 
with  Zeiss  Biogon  38-mm  lenses  and  70-mm  space 
cameras  with  Xenotar  80-mm  lenses. 

The  pictures  on  the  next  few  pages  include  examples 
of  the  photos  they  obtained.  The  first  one  is  of  the 
Mediterranean's  western  portals.  The  second  one  is 
a  photo  taken  later  of  the  Gattara  Basin  in  the 
United  Arab  Republic  which  has  been  considered  as 


a  possible  electric  power  site  since  1927.  Here  some 
5130  square  miles  are  about  164  feet  below  sea  level. 
Replacement  of  water  lost  by  evaporation  from  a  lake 
formed  in  this  depression  could  be  used  to  generate 
power.  The  proximity  of  the  Mediterranean  offers 
an  unlimited  water  supply.  Photographs  such  as  this 
from  space  can  be  extremely  helpful  in  planning  and 
developing  hydroelectric  power  systems. 

Views  of  thinly  populated  parts  of  Africa  and 
North  America  follow,  and  the  final  photo  in  this 
group  was  taken  on  what  Astronaut  Cernan  insists 
was  "the  most  fascinating  and  beautiful  trip  a  man 
ever  made  across  South  America."  His  course  was 
one  that  would  be  arduous  to  follow  on  wheels. 
"Without  blinking  an  eye,"  he  says,  "I  could  see  the 
high  Andes,  Pacific  Ocean,  the  great  Altiplano  with 
a  jewellike  Titicaca,  the  rain  forests  of  the  Amazon 
basin,  and  the  Chaco  plains  on  down  our  orbital 
path." 
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"Europe  and  Africa  enjoying  good  weather— but 
not  for  long  if  that  storm  off  Gibrahar  is  any  indica- 
tor," Michael  Collins  thought  when  he  took  this 
picture.  "This  is  about  as  far  north  as  we  went  on 
Gemini  X,"  he  noted  later,  "since  we  launched  nearly 
due  east  from  Cape  Kennedy."     Portugal  and  Spain 


are  in  the  upper  left,  and  Morocco  is  at  the  right. 
Although  the  range  keeps  one  from  seeing  many  de- 
tails, the  essential  geologic  imity  of  southern  Spain 
and  Africa  is  suggested  in  this  photo  bv  the  obvious 
continuitv  of  the  Sierra  Nevada  and  related  moim- 
tains  in  Spain  with   the  Riff  .\tlas  in  Morocco. 
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Over  north-central  Africa,  looking  northeast, 
Libya,  the  United  Arab  Republic,  and  the  Sudan 
could  be  seen.  On  the  horizon  are  the  Arabian 
Peninsida,  the  Red  Sea,  Nile  Delta,  and  Gulf  of 
Suez.  "The  prominent  dark  circular  objects  toward 
the  center,"  says  Jacob  I.  Trombka  of  the  Goddard 


Space  Flight  Center,  NASA,  "are  hills  believed  to  be 
granitic  extrusions.  Beyond  and  above  them  is  the 
Gilf  Kebir  Plateau.  Just  above  this  plateau  is  the 
Great  Sand  Sea.  Its  dunes  rise  150  to  300  feet.  The 
change  in  colors  can  be  attributed  to  the  change  from 
sand  to  rock  and  rock  debris." 
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"This  photograph,"  says  Wesley  L.  Hjornevik, 
Director  of  Administration,  Manned  Spacecraft  Cen- 
ter, NASA,  "covers  portions  of  Mauritania,  Algeria, 
and  Spanish  Sahara  to  the  extent  of  about  50  000 
square  miles,  or  about  the  size  of  Illinois.  At  the 
left  in  the  Yetti,  or  'White  Plains,'  numerous  intru- 


sive volcanic  dikes  can  be  seen.  In  the  foreground 
are  the  long  folded  ridges  of  the  Mechems,  and  the 
close  relationship  of  the  wadi  (dry  stream  bed)  sys- 
tem to  the  geologic  rock  structure  is  evident.  This 
photograph  provides  a  great  deal  of  information  about 
a  remote  anil  relatively  unexplored  region.  " 
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"Gene  Cernan  recorded  this  clear  view  of  Baja 
California  and  western  Mexico.  "  says  Astronaut  Ai.an 
B.  Shepard,  Jr.  "The  \  iew  along  the  spacecraft  nose 
is  generally  toward  the  southeast.  The  local  time  is 
midmorning  with  the  Sun  shining  from  the  left.  Be- 
cause the  spacecraft  hatch  was  open,  just  visible  at 


the  right,  unusual  clarity  exists  in  this  photo.  Al- 
though the  offshore  wind  pattern  is  not  noticeable 
withoiu  clouds,  there  is  a  fine  examjjle  of  vortex  flow 
off  Cabo  de  San  Lucas,  the  southern  tip  of  Baja  Cali- 
fornia. Excellent  study  of  drainage  patterns  is  ap- 
jjarent   in    the   foregroiuid   on    the   peninsula." 
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"This  sweeping  view  soiithwesrward,"  says  James 
F.  Seitz  of  the  U.S.  Geological  Survey,  "shows  the 
.Andes  Mountains  and  .Altiplano  Plateau  of  Bolivia, 
the  coasts  of  Peru  and  Chile,  and  the  Pacific  Ocean. 
Lake  Titicaca  in  the  foreground  is  the  highest  lake  in 
the  world  navigated  by  steamshijis;   M)0  miles  south. 


salt  flats  cover  more  than  5000  square  miles.  Border- 
ing the  .Alti|jIano  on  the  east  (lower  foreground)  are 
21  000-foot,  snow-capped  peaks.  The  great  canyons 
cut  into  the  Altiplano  show  where  gaps  between 
granitic  bodies  have  permitted  erosion.  Thus  the  dis- 
tribution of  granite  is  revealed." 
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Zodiacal  Light 


The  glow  we  see  briefly  in  the  east  before  dawn, 
and  in  the  west  after  twilight,  is  the  zodiacal  light. 
Scientists  have  long  sought  information  about  our 
solar  system  in  this  light.  The  picture  here  was 
taken  for  them  above  the  atmosphere.  The  bright 
spot  at  the  top  is  Venus.  The  zodiacal  light  is 
shown  between  Venus  and  the  thin  airglow  band 
above  the  moonlit  Earth. 

Edward  P.  Nev  of  the  University  of  Minnesota 
points  out  this  picture's  uni(|ueness:  "This  photo  was 
taken  by  Astronauts  Stafford  and  Cernan  on  June  4, 
1966,  4  minutes  before  satellite  sunrise  with  a  field 
of  view  of  130°  by  50°.  At  the  bottom  of  the  pic- 
ture is  the  Earth,  illuminated  by  a  nearly  full  Moon. 
The  thin  horizontal  line  2°   above  the  Earth's  limb 


is  due  to  the  airglow  layer.  This  is  a  self-luminous 
region  of  the  Earth's  atmosphere  extending  from  80 
to  100  kilometers'  altitude.  The  cone  of  illumina- 
tion above  the  airglow  layer  which  seems  to  point 
at  the  bright  jilanei  Venus  is  the  phenomenon  of 
zodiacal  light.  It  is  symmetrical  about  the  ecliptic, 
which  is  inclined  to  about  45°  with  respect  to  the 
horizon  in  this  picture. 

"The  zodiacal  light  is  produced  by  simlight  scat- 
tered from  dust  grains  in  orbit  about  the  Sun.  The 
unique  aspects  of  the  space  photograph  are  that  the 
airglow  layer  is  seen  as  a  line  because  the  spacecraft 
is  above  the  airglow  layer,  and  the  zodiacal  light  is 
not  distorted  by  the  Earth's  atmosphere  as  it  is  when 
viewed  from   the  ground." 
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And  a  Star's  Spectrum 


During  two  hours  of  extravehicular  activity  on 
Gemini  XI,  Astronauts  Conrad  and  Gordon  photo- 
graphed ultraviolet  stellar  spectra  in  six  regions  of 
the  sky.  The  camera  was  attached  to  the  spacecraft 
frame;  Gordon  stood  up  in  the  open  hatch  to  operate 
it  while  Conrad  remained  in  his  seat  to  control  atti- 
tude and  time  the  exposures. 

Of  the  photograph  of  Canopus  above,  astronomer 
Kari,  G.  Henize  of  Northwestern  University,  who  is 
now  himself  an  astronaut,  writes: 

"The  numerous  short  horizontal  lines  are  zero- 
order  images  of  backgroimd  stars  which  are  elongated 
due  to  a  slight  yaw  motion  of  the  spacecraft.  The 
vertical   streak   directly   below   this  bright   zero-order 


image  of  Canopus  is  its  spectrum.  The  lower  por- 
tion of  the  spectrimi  shows  lines  due  mainly  to  the 
familiar  Balmer  series  of  hydrogen.  At  the  upper 
end  appear  severe  I  newly  observed  idtra\iolei  ab- 
sorption lines,  the  strongest  of  which  is  the  ionized 
magnesiiuii  doublet  at  2800  A.  Other  features  are 
due  to  silicon  and  to  neutral  and  ionized  iron. 

"This  photo  was  obtained  with  the  73-min  focal- 
length,  //3.3  lens  of  the  Maurer  camera,  to  which  a 
600  line/mm  diffraction  grating  was  attached.  The 
exposure   time  was  20  seconds. 

"This  spectrum  is  the  first  to  show  absorption  lines 
in  the  2200-  to  .SOOO-A  wavelength  region  of  a  star 
other  than  the  Sun." 
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Tethered  Targets 


From  both  Gemini  XI  and  Gemini  XII,  an  Agena 
target  vehicle  was  photographed  while  tethered  to 
the  spacecraft.  Astronaut  Richard  F.  Gordon,  Jr., 
says  of  the  picture  of  himself  at  work  at  the  right: 
"This  photograph  shows  me  astride  the  nose  of  the 
Gemini  spacecraft  during  the  'umbilical  EVA'  of 
Gemini  XI.  This  pose  stimulated  Pete  Conrad  to 
respond  with  the  words,  'Ride  'em,  cowboy!'  The 
task  involved  was  to  attach  a  100-foot  Dacron  tether 
to  the  docking  bar  on  the  Gemini  spacecraft.  This 
was  the  first  time  that  two  objects  had  been  tethered 
together  in  space." 

In  the  lower  picture  on  this  page,  says  John  A. 
Edwards,  Operations  Director,  Apollo  Applications 
Program,  NA.SA:  "The  Agena  target  vehicle  is  shown 
tethered  to  Gemini  XI.  The  100-foot  Dacron  tether, 
with  one  end  attached  to  the  spacecraft  docking  bar 
anil  the  other  to  the  target  docking  adn|)ter,  was 
still  in  the  process  of  extension  at  the  time  this  pho- 
tograph was  taken,  and  the  two  vehicles  are  posi- 
tioned such  that  the  astronauts  are  looking  directly 
into  the  docking  cone.  Below  the  vehicles  is  the 
Gulf  of  California   and   Baja   California    at    La    Paz. 


The  objective  of  this  operation  was  to  evaluate  the 
feasibility  of  station  keeping  two  vehicles  in  space  by 
gra\ity-gradient  stabilization  or  by  slow  rotation  of 
the  tethered  vehicles,  thereby  setting  up  an  artificial 
gravity  field.  Because  of  initial  difficulties  in  estab- 
lishing a  gravity-gradient-stabilized  system,  the  two 
vehicles  were  'spun  up'  by  Command  Pilot  Pete 
Conrad  shortly  after  this  pictine  was  taken,  and  2 
hours  and  4fi  miniues  of  station  keeping  was  main- 
tained at  angidar  rates  of  38  to  55  degrees  per 
ininiUe." 


"Working  hard  at  the  Agena  work  station,  'Buzz' 
Aldrin  did  not  know  when  I  took  this  picture  of  him 
through  the  left-hand  window  of  Gemini  XII,"  re- 
ports Astronaut  James  A.  Lovei.l.  "It  occiured  dur- 
ing his  second  trip  outside  and  'Buzz'  was  already 
establishing  new  milestones  in  man's  ability  to  com- 
plete usefid  tasks  in  the  void  of  space.  The  success- 
ful completion  of  the  5Vl'  hours  of  extravehicular 
activity  during  the  Gemini  XII  mission  helped  to 
pave  the  way  for  future  space  missions." 

Astronaut  Edwin  E.  Aldrin,  Jr..  writes:  "This  pho- 
tograph was  taken  during  Gemini  XII  on  November 
12.  19f)().  during  the  first  standup  EV.A..  The  camera 
used  was  a  16-mm  Maurer  movie  camera  which  I 
had  installed  just  after  sunrise  on  the  retroadapter 
aft  of  the  open  right  hatch.  The  camera  was  actu- 
ated by  the  command  pilot,  Capt.  James  Lovell,  using 
a  remote  cable  assembly.  The  experiment  package 
shown  is  an  SO-12  micrometeorite  collector,  which 
also  was  mounted  aft  of  the  right  hatch  and  had  been 
opened  and  closed  remotely  from  the  ground  for  ex- 
posure during  the  first  sleep  period.  Prior  to  re- 
moval, the  blue  tether  with  a  brass  hook  was  at- 
tached to  the  experiment  handle.  The  photograph 
shows  me  in  the  process  of  temporarily  stowing  the 
experiment  in  the  empty  food  pouch  shown  on  the 
open  hatch  under  my  left  elbow." 


Charles  Mathews,  then  Gemini  Program  Manager 
at  Manned  Spacecraft  Center,  NASA,  points  out: 
"This  photograph  of  Gemini  XII  pilot  Edwin  E. 
Aldrin,  Jr..  was  taken  on  November  12,  1966,  with  a 
70-mm  Hasselblad  mounted  on  the  spacecraft  while 
Pilot  Aldrin  was  standing  in  the  open  hatch.  In  the 
lower  left  is  a  rear  view  of  the  70-mm  general-pur- 
pose camera  used  for  Experiment  S-13  as  an  ultra- 
violet astronomical  camera.  The  objective  of  S-13 
was  to  record  the  ultraviolet  radiation  of  stars,  using 
an  objective  prism  and  an  objective  grating.  An 
analysis  of  the  surface  temperatures  of  the  stars,  of 
the  absorption  effects  taking  place  in  their  atmos- 
pheres, and  of  the  absorption  effects  of  the  inter- 
stellar dust  will  be  made  from  the  photographic  data 
obtained.  In  addition  to  the  acquisition  of  basic 
astronomical  data,  techniques  by  which  objective 
prism  spectra  may  be  best  obtained  were  determined. 
The  practical  experience  gained  will  be  useful  in 
planning  similar  astronomical  observations  with 
large  telescopes  on   future  missions." 


Frank  A.  Bogart,  Deputy  Associate  Administrator 
for  Manned  Space  Flight  (Management)  ,  NASA, 
notes  that:  "This  photograph  was  taken  from  Gemini 
XII  above  the  Pacific.  It  shows  the  spacecraft 
tethered  to  the  Agena  target  vehicle,  with  both 
maintaining  a  preferred  orientation.  This  exercise 
demonstrated  the  feasibility  of  achieving  stabilized 
orientation  between  two  maneiiverable  spacecraft  at 
slightly  different  altitudes,  connected  by  a  flexible 
tether.  At  the  beginning  of  the  exercise  the  two 
spacecraft  were  docked— the  tether  having  been  con- 
nected during  Astronaut  Buzz  Aldrin's  'umbilical 
EVA.'  The  vehicles  were  pitched  to  a  vertical  stable 
attitude,  imdocked,  and  separated,  extending  the 
tether.  The  second  attempt  to  'capture'  or  establish 
the  gravity-gradient-stabilization  mode  was  judged 
successful  in  that  the  orientation  was  held  for  ap- 
proximately 90  minutes  with  all  control  systems 
turned  off.  This  successful  demonstration  promises 
a  most  useful  technique  for  station-keeping  space- 
craft with  minimum  fuel   expenditure." 
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The  Astronauts'  Record  Climb 


The  Gemini  flights  were  intended  in  part  to  deter- 
mine the  feasibility  of  sending  men  to  the  Moon,  to 
perfect  equipment  and  techniques  to  get  them  there 
and  back  to  Earth  safely.  Photography  of  the  Earth 
was  but  one  of  many  experiments  undertaken  on 
those  flights,  yet  the  astronauts  brought  back  more 
than  2400  photographs  of  the  type  reproduced  here. 
Many  of  their  pictures  were  both  strikingly  beautiful 
and  enlightening  to  scientists,  and  many  suggested 
further  uses  for  manmade  satellites  of  the   Earth. 

The  equipment  was  improved  as  the  program  pro- 
gressed and  various  films  were  used,  most  of  which 
had  emidsion  coatings  and  bases  especially  formu- 
lated to  meet  NA.SA  specifications.  Flight  films  were 
sent  through  a  processing  machine  singly,  under  close 
siu'veillance,  and  none  was  lost  because  of  a  labora- 
tory  malfimction. 

In  September  1966.  Astronauts  Charles  Conrad,  Jr., 
and  Richard  F.  Gordon,  Jr.,  photographed  the  Earth 
from  an  altitude  of  741.5  miles,  the  farthest  distance 
that  men  ever  had  gone  from  its  surface.  To  attain 
this  altitude,  they  docked  Gemini  XI  with  an  Agena 
target  vehicle  and  useil  its  ]3ropulsion  system  to  in- 
crease  the   apogee  of   their  27th   orbit. 

In  December  1966,  Astronauts  James  A.  I.ovell 
and  Edwin  E.  .\ldrin,  Jr.,  concluded  this  historic 
series  of  flights  by  undertaking  more  extravehicular 
activity  and  successfully  performing  14  scientific  ex- 
periments—which  included   taking   more   pictures   in- 


dicative of  the  value  of  regular  surveys  of  our  planet's 
resources  from  orbiting  observatories. 

Experience  was  gained  on  all  of  the  Gemini  flights 
with  the  variation  of  spacecraft  orientation  during 
reentry  into  the  atmosphere.  On  Gemini  VIII,  im- 
expected  roll-and-yaw  motion  after  the  spacecraft 
was  docked  to  an  Agena  target  caused  the  astronauts 
to  imdock  and  stop  the  motion  with  a  special  con- 
trol system  normally  used  only  during  reentry. 
.Analysis  revealed  that  a  short  circuit  in  the  wiring  of 
a  control  thruster  caused  the  trouble.  On  the  last 
two  flights,  a  spacecraft  computer  controlled  reentry 
after  initiation  by  the  astronauts. 

"The  Gemini  XI  mission  was  our  'moment  of 
truth'  concerning  extravehicular  activity,"  Dr. 
Ch.\rles  a.  Berry.  Director  of  Medical  Research  and 
Operations.  Manned  .Spacecraft  Center.  NASA,  re- 
calls, 'for  Dick  Gordon  experienced  severe  fatigue 
while  he  was  connecting  a  tether  from  the  spacecraft  to 
the  Agena.  This  resulted  in  our  careful  jilanning  to 
test  man's  capability  in  extravehicidar  activity  on 
Gemini  XII." 

There  were  no  manned  space  flights  by  Americans 
in  1967.  The  next  10  pictures  were  taken  on  the 
Gemini  XI  and  XII  flights.  The  launching  pad  fire, 
in  which  three  astronauts  perished,  resulted  in  major 
changes  in  plans  and  equipment,  and  N.\SA's  10th 
anniversary  was  marked  by  further  tests  preparatory 
to  a  manned  flight  to  the  Moon. 
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"Across  the  center  of  this  study  in  bhie,  a  600-mile 
stretch  of  the  gulf  coast  of  Iran  is  visible,"  says 
David  M.  Jones,  former  Deputy  Associate  Admin- 
istrator for  Manned  Space  Flight,  NASA.  "The  pic- 
ture is  typical  of  the  high  quality  of  the  Gemini 
photographs  and  includes  usable  geodetic  and  clima- 


tological  information."  The  southern  tip  of  the 
Zagros  Mountain  range  is  in  the  left  center.  The 
pinnacle  of  land  in  the  lower  center  is  part  of  the 
Arabian  landmass.  The  Straits  of  Hormuz  provide 
passage  between  the  Gulf  of  Oman  on  the  right  and 
the  Persian  Gulf. 
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GEMINI   XI 


George  E.  Mueller,  Associate  Administrator  for 
Manned  Space  Flight.  NASA,  notes:  "The  city  of 
Houston  appears  in  the  left  center  of  this  photo  of 
about  280  miles  of  the  Texas-Louisiana  gulf  coast 
taken  at  an  altitude  of  about  150  miles.  Carefid 
examination    reveals    Ellington    Air    Force    Base    and 


buildings  of  the  Manned  Spacecraft  Center.  The 
picture's  significance  lies  in  its  depth  of  detail.  The 
clarity  of  terrain  features  and  of  the  flow  patterns  of 
each  body  of  water  emptying  into  the  Gulf  is  out- 
standing. Pictures  like  this  will  in  the  future  make 
possible   a   survey   of   Earth's   resources   from   space." 
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A  band  of  cirrus  clouds  crosses  this  picture  of  the 
Nile  Valley  and  the  Red  Sea.  "Such  cloud  bands," 
says  Kenneth  M.  Nagier,  Chief,  Space  Operations 
Support  Division,  Environmental  Science  Services 
Administration,  "normally  occur  on  the  equatorward 
side  of  the  core  of  a  strong  westerly  windflow  known 


as  the  Jetstream,  in  which  winds  of  100  knots  to  oc- 
casionally more  than  200  knots  are  common.  Often 
seen  in  less  detail  in  weather-satellite  views,  these 
cirrus  bands  are  particularly  useful  as  indicators  of 
the  direction  of  the  upper  level  wind.  In  the  fore- 
ground small  cumulus  clouds  are  alined  in  rows." 
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"A  photograph  from  the  190-mile  altitude  shows 
the  beautiful  color  contrast  between  the  Mediter- 
ranean and  the  sands  of  the  Sahara,"  says  Everett 
E.  Christensen,  who  directed  manned  space-flight 
missions  for  NASA  at  the  time.  "Close  inspection 
of  the  circular  sandy  area,  Idchan  Marziiq.  and  the 


irregular  sandy  area  to  the  left,  Edeyin  Ubari,  will 
reveal  dune  formations.  Dark  areas  in  the  upper 
right  are  mountains.  While  this  is  one  of  the  world's 
least  populous  areas  and  the  deserts  are  reported  as 
having  no  rainfall,  several  million  people  reside  on 
oases  and  in  the  mountain  areas." 
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"The  nose  of  the  Gemini  XI  spacecraft  with  dock- 
ing bar  in  lower  left  is  in  stark  contrast  to  the 
orange  of  the  Libyan  Desert,"  Dr.  Charles  A.  Berry 
of  the  Manned  Spacecraft  Center,  NASA,  points  out. 
"The  Nile  traverses  the  desert  like  a  carelessly 
dropped  blue-green  rope  from  Biba  in  Egypt    (upper 


left)  to  Khartoum  in  the  Sudan  (lower  right).  The 
blue  of  the  long  gap  across  the  edge  of  the  world  is 
the  Red  Sea  separated  from  the  blackness  of  space 
by  Arabia.  Astronauts  Cooper  and  Conrad,  our  wives, 
and  I  flew  over  this  area  on  a  good-will  tour  following 
Gemini  V." 
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"The  success  of  the  Gemini  Program  was  due  to 
the  hard  work  of  many  elements,  culminating  in 
outstanding  hardware  and  crew  performance,"  says 
Donald  K.  Slayton,  Director  of  Flight  Operations, 
Manned  Spacecraft  Center,  NASA.  "This  photo- 
graph of  the  Near  East  is  an  example  of  how  high- 


quality  photographs  can  detect  unusual  features  such 
as  the  oil  fire  in  the  upper  right  corner  (a  triangular 
dark  spot) ,  and  thereby  provide  productive  future 
applications  for  space  photography."  The  Suez 
Canal  is  at  the  left,  the  Gulf  of  Suez  in  the  fore- 
ground, and  the  Red  Sea  at  the  right. 
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JocELYN  R.  Gill,  Gemini  Science  Manager,  NASA, 
observes:  "The  picture  encompasses  Sudan,  Ethiopia, 
Somali,  French  Somaliland,  Saudi  Arabia.  \'emen, 
and  South  Arabia.  Since  it  is  a  high-altitude  (340 
miles)  photograph,  it  contains  less  geologic  detail 
than    those    taken    at    lower    altitudes:    however,    for 


this  very  reason,  the  photo  may  be  of  special  interest 
to  the  meteorologist  for  comj>arison  with  Tiros  and 
Nimbus  photographs."  The  Red  Sea  is  in  the  fore- 
ground, the  Gulf  of  Aden  above  it,  and  the  Arabian 
Sea  on  the  horizon.  Saudi  Arabia  and  the  Empty 
Quarter  show  up  clearly. 
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"This  ]3hotogiaph  from  an  altitude  of  410  miles 
eiicom])asses  all  ol  India,  an  area  ol  1  250  000  scjiiaie 
miles,"  George  M.  Low,  then  the  Depuiv  Director. 
Manned  Spacecraft  CJenter.  NA.S.K,  notes.  "Hombay  is 
on  the  west  coast,  directly  left  of  the  s|)acecraft's  can- 
shaped  antenna.     New  Delhi   is  just  below  the  hori- 


zon near  the  upper  left.  Adam's  Bridge  between 
India  and  Ceylon,  at  the  right,  is  clearly  visible. 
A  cloudless  region  surrounds  the  entire  subcontinent. 
Differences  in  color,  green  near  the  west  coast,  and 
brown  inland,  delineate  regions  of  heavy  vegetation 
and   semiarid   areas." 
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"The  altitude  at  the  time  of  this  photograph  was 
465  miles,"  according  to  Maxime  A.  Fagei,  Director, 
Engineering  and  Development,  Manned  Spacecraft 
Center,  NASA.  "The  view  is  to  the  northeast  and 
includes  India  and  Ceylon  at  the  horizon  and  the 
atolls  of  the  Maldive  Island   chain   near   the   photo- 


graph's center.  To  the  west  of  India  is  the  Arabian 
Sea,  to  the  east  is  the  Bay  of  Bengal,  and  to  the  south 
the  Indian  Ocean.  The  cloud  structure  had  changed 
from  that  photographed  on  the  previous  revolution. 
Of  particular  significance  are  the  high  cumulus 
buildups  over  Ceylon." 
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Astronaut  Charles  Conrad  says  of  this  picture: 
"The  Sun  was  slowly  settling  into  the  west,  causing 
an  angular  reflection  in  the  glass  window  of  the 
spacecraft.  Dick  Gordon  and  I  were  looking  at  west- 
ern Australia.  This  picture  was  taken  approximately 
when  we  reached  the  high  point  of  our  high-altitude 


orbit.  This  was  the  view  from  739.4  miles.  We  were 
excited  and  although  we  had  planned  the  high  orbit 
for  months,  we  never  realized  what  a  sight  we  would 
see.  Fifty  minutes  earlier  we  had  ignited  our  .\gena 
rocket  engine  for  the  longest  burn  ever  made  to  change 
an  orbit." 
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The  Next  Big  Step 


One  of  the  most  portentous  events  of  NASA's  first 
10  years  occurred  on  November  9,  1967.  Then,  after 
nearly  6  years  of  intensive  development,  the  Saturn 
V— developing  7  500  000  pounds  of  thrust— functioned 
perfectly  on  the  Apollo  4  launch.  The  three-stage 
Apollo/Saturn  vehicle  is  363  feet  high  and  is  capable 
of  placing  nearly  140  tons  in  Earth  orbit  and  of 
laimching  nearly  50  tons  to  the  Moon. 

The  next  three  photographs  increased  confidence 
that  men  can  examine  the  Moon's  surface  in  person 
in   the  near  future. 

Stages  of  the  three-stage  Saturn  V  launch  vehicle 
are  discarded  after  burnout.  The  first  stage,  and  the 
interstage  separating  the  first  and  second  stages,  are 
jettisoned  a  few  seconds  apart  in  what  is  called  a  "dual 
plane"  separation  sequence.  The  photograph  on  the 
facing  page  here  shows  the  interstage  falling  away  from 
the  second  stage  of  the  vehicle  on  the  November  9, 
1967,  flight. 

Wernher  von  Braun,  Director  of  the  Marshall 
Space  Flight  Center,  NASA,  explains  what  this  pic- 
ture shows   and   how   it   was  obtained: 


"The  interstage  is  glowing  from  the  intense  heat 
of  the  invisible  exhaust  flames  produced  by  the  sec- 
ond stage's  five  J-2  engines,  two  of  which  are  visible 
in  the  foreground,  burning  liquid  hydrogen  fuel  and 
liquid  oxygen.  The  first  stage,  which  was  separated 
about  20  seconds  earlier,  is  visible  far  below  as  a 
small  white  shape  just  inside  the  right  ring  of  the 
interstage. 

"This  picture  was  taken  from  a  frame  of  16-mm 
motion-picture  film  exposed  during  the  dual  plane 
separation.  Two  cameras  were  inside  special  water- 
tight capsules  moimted  on  the  second  stage  to  record 
the  action.  The  camera  capsides  were  ejected  a  few 
seconds  after  this  picture  was  taken  at  an  altitude  of 
about  40  miles.  The  capsules  reentered  the  atmos- 
phere and.  slowed  by  paraballoons,  splashed  down 
in  the  Atlantic  Ocean  where  they  were  retrieved 
quickly  by  recovery  forces  stationed  in  the  area.  Per- 
sonnel were  guided  to  the  floating  capsides  by  radio 
and  light  beacons  and  by  dye  released  after  splash- 
down. The  cameras  were  flown  back  to  land  and 
rushed  to  the  photographic  laboratory  at  Marshall 
Space   Flight  Center  for   processing." 
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These  pictures  were  taken  through  the  command 
pilot's  window  on  the  unmanned  Apollo  flight  No- 
vember 9,  1967,  while  the  spacecraft  soared  some 
1 1  000  statute  miles  above  the  Earth. 

"This  is  a  sight  astronauts  will  see  on  the  way  to 
the  Moon,"  Samuei,  C.  Phh.lips,  Director  of  the 
Apollo  Program,  NASA,  commented. 

The  picture  above  on  this  page  was  taken  when 
the  spacecraft  was  over  South  Africa  and  so  oriented 
that  the  camera  viewed  the  area  to  the  northwest. 

"Viewing  this  picture  from  right  to  left,".  Phillips 
pointed  out,  "we  see  the  Sahara  Desert  (western 
Africa),  the  east  coast  of  South  America  on  the  left 
horizon,  and  a  clearly  distinguishable  circular  air- 
mass  flow  aroimd  a  South  Atlantic  depression.  This 
airmass  is  commonly  known  as  the  'Roaring  For- 
ties' which,  in  the  days  of  sailing  vessels,  made  the 
voyage  between  Cape  Horn  and  the  Cape  of  Good 
Hope  quite  difficult.     Antarctica  is  not  depicted  on 


this  particular  photograph,  but  some  ice  floes  are 
discernible. 

"This  photograph  was  one  of  755  exposiues  made 
at  10.6-second  intervals  beginning  4  hours  28  min- 
utes after  liftoff'.  Using  Eastman  Kodak  Ektachrome 
MS,  type  S.O.-368  film,  it  was  taken  by  a  Maurer 
Model  220G  70-mm  sequence  camera  5  hours  and 
6  minutes  after  the  liftoff." 

The  photograph  on  the  facing  page  was  taken 
while  the  spacecraft  was  above  the  Indian  Ocean. 
It  shows  the  crescent  Earth  from  the  South  Pole  at 
the  left,  through  the  "Roaring  Forties"  airmass  of  the 
South  Atlantic  Ocean  to  the  west  coast  of  Africa. 

"These  photographs,"  Phillips  added,  "contain 
slgniricant  technical  data  that  ;irc  being  evahuUcd  to 
determine  the  techniques  that  will  be  employed  for 
landmark  identification  for  updating  the  Apollo  nav- 
igational systems." 

They  also  suggest  what  remarkable  ]Mciures  cam- 
eras in  space  will  produce  during  the  next  10  years. 
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APPENDIX 


Unlike  aircraft,  whose  clean  forms  are  sha|jecl  by 
the  laws  of  aerodynamics,  spacecraft  have  assumed  a 
host  of  strange  configurations.  The  laws  that  shape 
them  are  different:  how  to  fold  up  to  fit  within  a 
shroud  during  the  quick,  fierce  passage  through  the 
atmosphere  and  then  unfold  in  airless  space;  how  to 
gather  electrical  power  from  the  Sim;  how  to  deploy 
antennas  to  beam  data  and  photographs  back  to 
Earth;  how  to  stay  in  a  narrow  band  within  tem- 
])erature  extremes;  how  to  maintain  pointing  orien- 
tation in  a  weird  environment  that  has  no  up  or 
down;  how  to  land  in  a  rock-strewn  crater.  Only 
manned  spacecraft,  which  nuist  reenter  the  atmos- 
phere, have  of  necessity  avoided  the  spraddled,  in- 
sectlike look  of  these  machines  that  are  truly  some- 
thing new  imder  the  Sun. 

Spacecraft  have  paced  the  growth  of  much  engi- 
neering technology  in  the  last  decade.  Their  special 
requirements  for  lightweight  electronics,  miniaturized 
computers,  unique  power  sujjplies,  and  automated 
cameras  and  scientific  instruments  have  forced  engi- 
neers to  break  new  ground.  Spacecraft  have  func- 
tioned unattended  in  space  for  years,  faithfidly  work- 
ing and  reporting  back  to  Earth  long  after  their  de- 
signed mission  has  been  accomplished.  The  follow- 
ing pages  show  many  of  the  classes  of  spacecraft  that 
took   the   photographs   in    this  book. 

The  Television  Infrared  Observational  Satellite 
(better  known  as  Tiros)  that  pioneered  in  world- 
wide meteorological  photography  evolved  into  the 
ESS.\  satellite  that  NASA  now  delivers  in  orbit  for 
the  Environmental  Science  Services  Administration. 
Nimbus  is  a  larger,  more  sojjhisticated  satellite  de- 
signed to  help  develop  itistrtuuentation  for  long- 
range  weather  forecasting.  The  Ap])licati()ns  Tech- 
nology Satellites  (ATS)  carry  meteorological  and 
commimications  experiments  to  a  22  300-niile,  Earth- 
synchronous  orbit,  from  which  they  have  provided 
spectacular    full-Earth    photograjjhs. 

Lunar  and  planetary  spacecraft,  a  group  distinct 
from  Earth  satellites,  began  with  the  Rangers,  which 


were  designed  to  radio  back  pictures  as  they  ap- 
proached the  Moon  to  crash  landings.  The  last  three 
Rangers  to  be  launched  were  com|)letcly  successful,  re- 
turning many  thousands  of  excellent  photographs. 

The  Mariner  class  of  planetary  explorers  derived 
from  Ranger  technology,  though  needing  improved 
guidance  and  communications  systems.  Mariner  IV, 
man's  first  successful  scout  to  Mars,  set  an  excellent 
record  of  technical  achievement:  it  completed  a  7V2 
month  flight  to  its  planetary  rendezvous,  radioing  its 
pictures  and  scientific  data  back  150  million  miles. 
Then  it  continued  on  in  lonely  solar  orbit  for  an  ad- 
ditional 29  months.  When  it  finally  fell  silent,  more 
than  3  years  after  launch,  it  was  not  because  of  any 
failure  but  simply  because  it  had  consumed  all  of  the 
onboard  gas  used  to  maintain  its  attitude  in  space. 

Five  Lunar  Orbiters  were  flown,  returning  some 
of  the  most  dramatic  photographs  in  this  volume. 
These  craft  were  unique  in  that,  instead  of  the  vidicon 
iclevision  systems  used  in  other  unmanned  spacecraft, 
they  carried  film  cameras  of  very  high  resolution,  along 
with  automatic  laboratories  that  developed  and  fixed 
each  picture,  and  then  electronically  scanned  it  for 
transmission  back  to  Earth. 

Five  Sinveyors  soft-landed  on  the  Moon.  On 
Earth  command  they  sent  back  scores  of  thousands 
of  photographs  ranging  from  panoramic  views  to 
high-resolution  closeups  of  nearby  rocks  and  soil. 
Surveyor  VII  brought  to  an  end  America's  highly 
successfid  automated  exploration  of  the  Moon  in  ad- 
vance of  man's  first  visit   there. 

The  Mercury  spacecraft  that  carried  one  man  into 
near-Earth  space  were  succeeded  by  the  Gemini  that 
carrieil  two,  and  will  be  shortly  followed  by  the 
.\pollo  spacecraft  in  which  three  astronauts  will  em- 
bark for  the  Moon.  The  shajie,  if  not  the  size,  of 
the  first  two  classes  of  manned  craft  was  similar, 
Ijcing  designed  for  the  25  000-feet-per-second  reentry 
velocitv  from  Earth  orbit.  The  Apollo  sj^acecraft  is 
slighth  diilereni,  lo  suii  the  31)  000-feet-per-second 
velocity  of  reentrv    from  a  lunar  trajectorv. 
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Nimbus 
The  Nimbus  satellite  was  conceived  in  1958  as  a 
relatively  large  satellite  that  would  serve  as  a  plat- 
form for  research  on  advanced  meteorological  sen- 
sors. It  operates  in  a  Sun-synchronous  polar  orbit 
with  its  axis  pointing  toward  Earth  and  its  solar 
panels  toward  the  Sun.  This  requires  three-axis 
stabilization  and  rotating  solar  panels.  Both  Nim- 
bus satellites  launched  to  date  were  successful.  Some 
characteristics  of  Nimbus  I: 

Weight  at   launch    912   lb 

Poiver: 

Solar  panels   165  watts 

Batteries 224  ampere-hours 

Communications: 

Tracking  035  watt 

Wideband  links 5   watts 

Narrowband  links   5   watts 

Command  receivers   2 

Stabilization     3.axis  torquing  and 

damping     system     with 
horizon   scanners,   rate 
gyro,   and   inertia 
wheels 
Pointing   accuracy    -<- 1  ° 


Advanced  vidicon  systems   3  TV  cameras  and  a  tape 

recorder 

Focal   length    ]-,„„, 

Aperture     //4  („  ^/,g 

Resolution    o.5  mile  at  750  miles 

Automatic  picture  transmission 

system    TV  camera 

Focal   length    5.7   mm 

■Aperture   ^/i.g 

Resolution    ]  .4  miles  at  750  miles 

High-resolution    infrared 
radiometer    Optical    system,    photo- 
detector,   and   tape 
recorder 

Resolution    10  miles  at   750  miles 

Launch    vehicle Thor-.Agena   B 


Tiros 


Initiated  by  the  Department  of  Defense  in  1957, 
the  Tiros  Program  was  transferred  to  NASA  shortly 
after  its  establishment.  These  satellites  were  de- 
signed to  explore  the  feasibility  of  global  weather 
observation  from  orbit.  The  first  Tiros  flew  success- 
fully in  1960  and  the  series  went  on  to  complete  a 
string  of  10  consecutive  successes.  Some  specifica- 
tions for  Tiros  VI  were: 

Weight   at   launch    2S0   lb 

Power: 

Solar  panels  33  „atts 

Bat'eries    12  ampere-hours 

Communications: 

Dual-beacon  transmitters   0.25   watt  each 

Dual  T\'   transmitters   2  watts  each 

Crossed-dipole  antenna   6-db   gain 

Stabilization    Spin  stabilized  with  mag- 
netic attitude  control 
C:amcras    (2): 

Focal   length    5    mm 

Aperture   //1.5 

Resolution    1.13  miles  at  400  miles 

Launch  vehicle   Thor-Delta 
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ESSA 

The  ESSA  meteorological  satellite  uses  much  of 
the  basic  Tiros  technology',  but  has  a  nimiber  of  im- 
portant improvements.  It  flies  in  a  Sun-synchronous 
polar  orbit  so  as  to  maintain  unchanging  ilhimina- 
tion  of  the  Earth  beneath  it  from  day.  to  clay.  The 
early  Tiros  satellites  had  their  cameras  pointing  along 
the  spin  axis,  which  limited  the  coverage:  the  ESSA 
series  has  its  cameras  pointing  radially  so  that  each 
rotation  of  the  spinning  satellite  brings  the  Earth 
into  camera  view.  The  satellites  are  precessed  in 
orbit  by  electromagnetic  coils  so  that  the  satellite 
appears  as  a  wheel  rolling  along  its  orbital  path. 
By  these  techniques,  daily  global  coverage  under 
proper  lighting  conditions  is  achieved.  The  ESSA 
series  has  a  perfect  record  of  six  successfid  flights  to 
date.     Specifications  for  ESSA  III: 

Weight  at  launch    326    lb 

Power: 

Solar   panel    53    watts 

Batteries    8  ampere-hours 

Communications: 

Dual-beacon  transmitters   0.25   watts  each 

Dual  T\'  transmitters 5    watts   each 

Crossed-dipole  antenna   6-db  gain 

Stabilization     Spin    stabilized    in    cart- 
wheel   configuration, 
with   magnetic   atti- 
tude and  spin  control 
Cameras    (a)  : 

Focal  length  5.7   mm 

.Aperture   //1. 8 

Resolution    2   miles  at    750   miles 

Launch  vehicle  Thrust-augmented   Delta 


ATS 

The  Applications  Technology  Satellite  (ATS)  is  a 
muhiptirpose  spacecraft  designed  to  conduct  research 
in  synchronous  Earth  orbit  at  22  300  miles  above  the 
Equator.  In  such  an  orbit,  the  satellite  remains  fixed 
relative  to  the  subsatellite  point  on  Earth.  In  addi- 
tion to  communications  experiments,  this  satellite 
provided  the  first  continuous  meteorological  observa- 
tions of  the  world  beneath  it.  Continuous  observa- 
tion will  hel[j  detect  violent  but  short-lived  storms 
such  as  thunderstorms  and  tornadoes,  whose  life 
cycles  may  be  less  than  the  time  for  a  low-orbit 
satellite  to  complete  a  single  orbit.  Of  three  ATS 
spacecraft  flown,  two  were  successful  and  one  suf- 
fered a  launch  failure.     Characteristics  of  ATS-III: 

Weight: 

At  launch   1574  lb 

.After  kick-motor  firing  79H   lb 

Power: 

Solar    panel    1 89   u atts 

Batteries    6  ampere-hours 

Communications: 

Dual  transmitters ^  watts  each 

Dual  transmitters  12  watts  each 

Dual  transponders 

Stabilization   Spin  stabilized   with  4 

monopropellant    thrust- 
ers,  each  of  5-lb  thrust 
Multicolor  spin-scan  camera: 

Focal  length  375    mm 

Aperture   f/s 

Resolution    1 .9  miles  at  22  .300  miles 

Image  dissector  camera: 

Focal  length  49.2  mm 

.Aperture   //2 

Resolution 6  miles  at  22  300 

launch  vehicle  Atlas-.Agena 

203 


Ranger 

Ranger  was  the  first  U.S.  spacecraft  designed  to 
make  sophisticated  observations  of  another  celestial 
body— the  Moon.  Nine  Rangers  were  buik  in  all. 
Of  these,  the  first  two  were  test  vehicles  for  Earth 
orbit  and  experienced  launch  failures.  Seven  were 
launched  to  the  Moon.  The  first  three  were  de- 
signed to  take  moderate-resolution  photographs 
during  approach  and  to  rough-land  a  seismometer 
capsule;  they  failed  due  to  a  combination  of  launch- 
\ehicle  and  spacecraft  problems.  The  last  four 
Rangers  were  exclusively  devoted  to  detailed  lunar 
photography  with  a  battery  of  six  vidicon  cameras. 
An  arcing  problem  during  launch  rendered  Ranger 
VI's  cameras  inoperable.  However,  Ranger  VII, 
VIII,  and  IX  completed  perfect  missions  and  re- 
turned thousands  of  excellent  photographs  of  the 
lunar  terrain.  Specifications  for  the  final  (Block 
III)    Ranger: 

Weight  at  launch   802   lb 

Pouei : 

Solar  panels   200    watts 

Spacecraft   batteries    90  ampere-hotns 

TV   batteries    40  ampere-hours 

Communications: 

Dual  spacecraft  transmitters  ...  3  watts  each 

Dual  TV  transmitters  60  waits  each 

Midcotirse  propulsion    Licpiid  monopropellant  of 

501b  thrust 

Guidance  and  control: 

Inertlal   reference    .1-a\is   j^vros 

Celestial  rcfcicTicc Earth   and    Sun    sensors 

Attitude  control    Cold-gas  jets 

Cameras   (6)  : 

Focal  lengths   76  and  25  mm 

.Apertines    I/]    and   f/2 

Exposures    2    and   5   msec 

launch  vehicle   Atlas-.\gena 
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Mariner 

Mariner  spacecraft  were  designed  to  reconnoiter 
the  planets  Mars  and  Venus.  Mariner  I  experienced 
a  launch-vehicle  failure,  but  Mariner  II  made  the 
world's  first  successful  flight  to  another  planet,  pass- 
ing Venus  109  days  after  launch  at  a  distance  of 
21648  miles,  and  recording  numerous  scientific  ob- 
servations. Mariner  III  also  experienced  a  launch 
failine.  but  Mariner  IV  made  the  world's  first  suc- 
cessful flyby  of  Mars  at  a  distance  of  61 18  miles.  The 
most  recent  of  the  Mariner  series.  Mariner  V,  success- 
fully obser\ed  Venus  from  a  distance  of  2131  miles  in 
October  1967,  but,  like  its  Mariner  II  predecessor. 
carried  no  camera.    .Specifications  for  Mariner  IV: 


Weight   at   launch    574   lb 

Power: 

.Solar  panel   near  Earth    700   watts 

.Solar  panel   near  Mars   325   watts 

Batteries    1200   uatt-hours 

Communications: 

Transmitter    10   watts 

Antenna     23-db  gain 

Bit  rate  near  Earth    33.3   hps 

Bit  rate  near  Mars  ><.33  bps 

CHiidance  and   control: 

Inertial    reference     3axis    gvros 

Celestial  reference     Sun  and  Canopus  sensors 

Attitude  control      Cold-gas  jets 

Propulsion:  I.i(|ui(l  iiioiiopropcllant .  50-11)    thrust 

TV   camera: 

Optical    svstem    Cassegrain  telescope 

I'ocal    length    30.48   cm 

\pcrture    //S 

Eicld     1.05'"   In    1.05° 

Launch    vehicle    .AtlasAgena 
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Lunar  Orbiter 

Lunar  Orbiter  was  designed  to  operate  in  con- 
junction with  Surveyor.  By  photographing  Surveyor 
sites  from  orbit,  the  detailed  Surveyor  findings  could 
be  extrapolated  to  other  areas  that  appear  identical 
in  orbital  photography.  All  five  Lunar  Orbiters 
were  successfid.  They  photographed  all  potential 
Apollo  landing  sites  to  resolutions  down  to  1  meter. 
Having  completed  the  Apollo  photographic  require- 
ment, the  last  two  Orbiters  photographed  the  entire 
front  face  of  the  Moon  at  resolutions  of  some  10 
times  better  than  possible  from  Earth,  completed 
photography  of  the  far  side  at  resolutions  somewhat 
better  than  obtainable  of  the  front  side  from  Earth 
telescopes,  and  obtained  detailed  photography  of  sev- 
eral dozen  lunar  features  of  particular  scientific  in- 
terest.    Some  Orbiter  specifications: 


Weight    at    launch     856.71    lb 

Power: 

.Solar  panels  4')0   watts 

Batteries    12   ampere-hours 

Communications: 

Telemetry    transmitter    <I.4.S   watt 

TV    transmitter        10   watts 

Guidance  and  control: 

Inertia!    reference     .S-axis   syros 

Celestial   reference    Sun  and  Canopus  sensors 

.Attitude   control     Cold-gas  jets 

Propulsion: 

Liquid    bipropellant    lOO-lb    thrust 

Cameras    (2)  : 

Focal    lengths    60.9fi  cm  and  80  mm 

.Aperture    //.").6     (l)oth) 

Resolution     I    and   H   m 

Launch    vehicle    .\tlas-.Agena 
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Surveyor 

The  Surveyor  spacecraft  series  was  conceived  in 
1959  to  soft-land  scientific  experiments  on  the  Moon 
and  carry  out  initial  surface  investigations.  It  was 
an  ambitious  undertaking  at  the  time,  for  it  relied 
on  developing  the  new  technology  of  closed-loop, 
radar-controlled  landings,  antl,  in  addition,  required 
the  successful  development  of  the  world's  first  hy- 
drogen-oxygen rocket  stage,  the  Centaur.  Of  seven 
spacecraft,  five  were  completely  successful;  two  ex- 
perienced in-flight  failures  prior  to  landing.  The 
Surveyor  not  only  studied  four  potential  Apollo  land- 
ing areas,  but  on  its  last  mission  visited  the  scien- 
tifically interesting  crater  Tycho.  In  addition  to  re- 
laying thousands  of  surface  photographs  to  Earth, 
Surveyor  measured  surface  properties  by  manipulat- 
ing the  lunar  soil  with  a  mechanical  arm  and  con- 
ducted chemical  analysis  of  the  lunar  material. 
Typical   Surveyor   specifications: 


Weight   at   launch    2193   lb 

Landed  weight    625  lb 

Power: 

Solar   panel    90   watts 

Batteries    230    ampere-hours 

Communications: 

Dual  transmitters   10   u:itls  each 

Phinararray  antenna    27-<ll)  gain 

Guidance  and  control: 

Incrtial   reference   3-axis   gyros 

Celestial   reference   Sun  and  Canopus  .sensors 

Attitude  control    Cold-gas  jets 

Terminal  landing      Automated  closed  loop, 

with  radar  altimeter 
and  Doppler  velocity 
sensor 

Propulsion: 

Main  retrorocket Sohd  fuel  of  approximate- 

l\    9000-lb   thrust 
liquid   bipropellant 

vernier    retrorockets    1  hrottleahle   between   .SO- 

T\'   camera:  and  i()2lb  thrust  each 

Kocal  length   25  or  100  mm 

Aperture    f/4    to   f/22 

Resolution    1    mm  at  4  m 

Launch  vehicle   Atlas-Centaur 
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Mercury 

The  Mercury  spacecraft  was  designed  to  conduct 
the  first  U.S.  experiments  with  man  in  Earth  orbit. 
This  spacecraft  was  constrained  in  weight  by  the 
capability  of  a  modified  Atlas  laimch  vehicle  and 
pioneered  in  lightweight  manned  spacecraft  capa- 
ble of  reentry  through  the  atmosphere.  During  the 
foiu-  successful  orbital  Mercury  missions,  astronauts 
Glenn,  Carpenter,  Schirra,  and  Cooper  accumulated 
53  hours  of  space-flight  experience.  Typical  Mer- 
cury  specifications: 

Weight   at   launch    WOO   11) 

Power:   Batteries   591)   ainpere-hoiirs 

.Stabilization   Redundant  semiautomatic 

and  manual  systems  us- 
ing hvdrogen  peroxide 
thrusters 

Crew     I    astronaut 

Cameras  flown   "Omni     modified     Hassel 

hiad:     35-mm    zodiacal- 
light     camera;      16nim 
Maurer  cine  camera 
launch  vehicle   .'\tlas 


Gemini 

This  program  was  planned  to  investigate  longer 
duration  manned  flight  and  the  practicality  of  ren- 
dezvous and  docking  in  space.  In  10  missions,  each 
with  a  2-man  crew,  1940  man-hours  of  flight  time 
were  accumulated.  Included  were  a  flight  lasting  2 
weeks,  six  rendezvous  missions,  four  docking  mis- 
sions, use  of  a  docked  propulsion  stage  to  maneuver 
to  high  altitudes,  5  hours  of  extravehicular  activity, 
and  the  conduct  of  numerous  scientific  experiments. 
Some  characteristics   of   the  Gemini   spacecraft: 

Weight   at   launch    710U    lb 

Power: 

Batteries     160  ampere-hours 

Fuel  cells  6!'u0   ampere-hours 

Stabilization      Redundant  semiautomatic 

and   manual   systems 
using  bipropellant 
thrusters 

Crew     2   astronauts 

Cameras   flown    70 mm     modified     Hassel- 

blad;      70 mm    Maurer: 
16-nnn    Mamer    cine 
cameras:  and  special 
scientific  cameras 

Launch  vehicle    titan    II 
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Apollo 

The  Apollo  commanil  and  ,sei\ice  iiiocliile  (CSM) 
shown  here  is  designed  to  carry  three  astronauts 
inio  lunar  orbit  from  which  two  of  them  will  de- 
stend  to  a  landing  in  another  spacecraft,  the  lunar 
module.  .Vfter  the  lunar  landing  and  .subsequent 
rendezvous  in  lunar  orbit,  the  CSM  will  inject  itself 
into  an  Earth-return  trajectory.  On  reaching  Earth, 
the  command  module  alone  will  reenter  the  atmos- 
|)herc  at  a  velocity  of  about  36  000  feet  per  second, 
some  11  000  fps  faster  than  reentry  from  Earth  orbit. 
The  command  module  contains  .id\an(cd  guidance 
and  control  ctpiipment  for  accurate  maneuvering  into 
lunar  oihil  am!  inio  llic  iiai  rowciitrv  (orridor  upon 
return. 


Weisht  at   I.Timdi    64  ".00    lb 

Command    module     I S  000  11) 

.Service  module   1 1  800  lb 

Service  module  piopellant    ....      39  700  lb 
Power: 

Batteries    I2.')0    ampere-hours 

I'ucl  cells 19  300  amperc-hoius 

Stabilization    Dual  svsicius.  one  on  each 

module,  semiautomatic 
and    manual,   usini; 
li(|ind    bipiopc'llaiit 
ihrusters 

Crew     , ^   astronauts 

Cameras  flown   .S'>-mm   Maurer:    16-mm 

.Millikan 

l.aiiiuh    \chicle: 

Karth-orbital    missions    I'prated  Salurn  I 

lunar    missions     Salurn   V 
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